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Introduction {#sec001}
============

The concept of "behavioral ingenuity" has long been linked to narratives explaining both the evolutionary success of early modern humans and the eventual demise of the Neandertals \[[@pone.0224573.ref001]--[@pone.0224573.ref009]\]. This concept is often measured using some suite of archaeological or paleobiological criteria posited as markers of socioeconomic flexibility or complexity. For instance, Upper Paleolithic stone-tool technology, with an emphasis on blades and projectiles, is associated with early modern humans and seen as an upgrade from the Mousterian tradition \[[@pone.0224573.ref005], [@pone.0224573.ref010]\]. Dietary comparisons between early modern humans and Neandertals, including those from molar microwear \[[@pone.0224573.ref011]\], stable isotopes \[[@pone.0224573.ref012],[@pone.0224573.ref013]\], paleoethnobotanical studies \[[@pone.0224573.ref014]--[@pone.0224573.ref017]\], faunal analyses \[[@pone.0224573.ref003], [@pone.0224573.ref018], [@pone.0224573.ref019]\], and food processing \[[@pone.0224573.ref020]\] frequently indicate that the former had greater dietary flexibility or accessed a broader subsistence base that included aquatic resources, fast and elusive small game, a greater variety of plant foods, and improved food storage and processing capabilities. Further studies suggest that early modern human clothing was more complex, fitted, and specialized, resulting in superior thermal protection during the cold oscillations of Marine Isotope Stage (MIS) 3 and beyond \[[@pone.0224573.ref021]--[@pone.0224573.ref023]\]. Although these analyses buttress common notions of early modern human ingenuity, recent studies suggest that Neandertal adaptation was more developed and nuanced than previously thought.

Several lines of evidence collectively identify Neandertal behaviors that are similar, or comparable, to the behaviors of penecontemporaneous early modern humans. The Châtelperronian technocomplex, associated with Neandertals, points to their ability to produce curved backed blades, bladelets, and bone tools \[[@pone.0224573.ref024]--[@pone.0224573.ref027]\], and projectile technology is also documented in Neandertal contexts \[[@pone.0224573.ref028], [@pone.0224573.ref029]\]. Dental calculus studies, which emphasize plant rather than animal foods, expand the range of dietary flexibility for Neandertals and suggest they were consuming not only cooked, but potentially medicinal plants as well \[[@pone.0224573.ref030]--[@pone.0224573.ref033]\]. Moreover, the overall evidence for plant exploitation visible in the archaeological record is similar between early modern humans and Neandertals, indicating the latter hominin possessed the ability to process those resources and had a complex division of labor for resource acquisition \[[@pone.0224573.ref029], [@pone.0224573.ref034]--[@pone.0224573.ref036]\]. Neandertals were also found to be adaptable in their anterior tooth-use behaviors, with habitat being a highly influential factor in the type of tooth-use behaviors employed \[[@pone.0224573.ref037]\]. Paramasticatory behaviors were not limited to anterior teeth, as "para-facets" identified on postcanine teeth of Neandertals and early modern humans were attributed to cultural activities, and not dietary behaviors \[[@pone.0224573.ref038]\]. Recent studies also confirm that Neandertals were capable of symbolic behavior in the form of cave art \[[@pone.0224573.ref039]\], use of body ornaments, marine shells and pigments \[[@pone.0224573.ref027], [@pone.0224573.ref040]\], and construction of elaborate structures deep within karstic systems \[[@pone.0224573.ref041]\].

Neandertals being capable of such complex behaviors blurs the dividing line between \"us\" and \"them." Indeed, the mosaic morphology of archaic and anatomically modern humans found in many of the earliest modern human fossils suggests complex population dynamics in the Late Pleistocene \[[@pone.0224573.ref042]--[@pone.0224573.ref048]\]. The evidence from skeletal morphology has since been confirmed by aDNA evidence, with both nDNA and mtDNA analyses indicating multiple and earlier gene flow events, respectively, between early modern humans and Neandertals \[[@pone.0224573.ref049], [@pone.0224573.ref050]\].

This begs the following questions: what advantage did early modern humans have over Neandertals? What behavioral differences between these two hominins allowed us to proliferate and them to disappear? This study seeks to add to the debate using dental microwear texture analysis as a means to compare early modern human tooth-use behaviors with those of the Neandertals. Anterior tooth-use behaviors serve as a proxy for determining the degree to which Neandertal and early modern human groups relied on their anterior teeth and jaws for manipulative behaviors. Less intensive use of the teeth for such activities in EMH may suggest a different repertoire of behavioral strategies.

Tooth-use behaviors in the Paleolithic {#sec002}
--------------------------------------

Neandertals are often associated with a particular collection of anterior tooth wear patterns, including labial rounding, labial scratches, and differential anterior-posterior occlusal wear, as they were documented on numerous individual fossils across time and space \[[@pone.0224573.ref051]--[@pone.0224573.ref070]\]. As a result, several hypotheses were put forth to explain the etiology of these wear patterns, including specialized chewing \[[@pone.0224573.ref052]\], coarse food and non-dietary behaviors \[[@pone.0224573.ref053]\], excessive mastication of abrasive foods \[[@pone.0224573.ref071]--[@pone.0224573.ref073]\], and different combinations of dietary and non-dietary behaviors \[[@pone.0224573.ref058], [@pone.0224573.ref074], [@pone.0224573.ref075]\]. The use of the anterior teeth for different types of non-dietary behaviors is now well-established, but the most common behavioral reconstruction centered on the so-called "stuff-and-cut" action. This posited that Neandertals were using their anterior dentition as a third hand to clamp down on meat or hide, and slicing it near their mouths with a stone tool \[[@pone.0224573.ref053]--[@pone.0224573.ref057], [@pone.0224573.ref076], [@pone.0224573.ref077]\].

This behavioral reconstruction of Neandertal tooth-use became conventional wisdom, even though variation in non-dietary anterior tooth-use behaviors were documented bioarchaeologically and ethnographically \[[@pone.0224573.ref078]--[@pone.0224573.ref086]\]. Analyses of anterior tooth-use among recent humans using dental microwear textures provide a comparative framework to document behaviors that extend well beyond the stereotypical "stuff-and-cut" action, including tool production and retouching, hide preparation, wood softening, and weaving tasks \[[@pone.0224573.ref087], [@pone.0224573.ref088]\]. Resulting microwear textures from the anterior teeth of a large sample of Neandertals (also used here) show significant variation in non-dietary anterior tooth-use behaviors, with habitat a prominent factor in distinguishing activities \[[@pone.0224573.ref037]\]. Specifically, individuals in more open habitats were participating in intense clamping and grasping behaviors, whereas those in more closed environments were engaged in a spectrum of non-dietary and dietary-only behaviors \[[@pone.0224573.ref037]\]. This ecogeographic patterning of anterior tooth-use behaviors is echoed by a similar pattern found in postcanine, dietary dental wear \[[@pone.0224573.ref089]--[@pone.0224573.ref091]\].

Early modern humans have largely been excluded from analyses of anterior tooth-use behaviors, with a few, notable exceptions. For instance, comparisons of Neandertal and early modern human anterior versus posterior occlusal macrowear gradients are well studied, and a pattern of greater anterior relative to posterior macrowear is common to both groups \[[@pone.0224573.ref058], [@pone.0224573.ref069], [@pone.0224573.ref070], [@pone.0224573.ref092]-- [@pone.0224573.ref094]\]. Some recent bioarchaeological groups and specific early modern humans exhibit greater anterior relative to posterior wear than many Neandertals \[[@pone.0224573.ref093]\]. However, Neandertal anterior teeth (incisors and canines) are larger on average than those of early modern humans \[[@pone.0224573.ref095]\], and more frequently exhibit mass-additive crown morphology (e.g., shoveling, *tuberculum dentale*, distal accessory ridges, etc. \[[@pone.0224573.ref096]--[@pone.0224573.ref098]\]). Therefore, the anterior teeth of Neandertals lose more volume per unit of occlusal wear than those of early modern humans, on average \[[@pone.0224573.ref058], [@pone.0224573.ref069], [@pone.0224573.ref070], [@pone.0224573.ref094]\]. Exploring anterior versus posterior dental macrowear gradients scaled to crown breadth in bivariate space highlights the distinctions between Neandertals and early modern humans anterior crown wear as it relates to differential anterior crown size; however, it is important to note that some samples demonstrate overlap at the 95% confidence interval of slope and y-intercept \[[@pone.0224573.ref058], [@pone.0224573.ref069], [@pone.0224573.ref070], [@pone.0224573.ref094]\]. Likewise, an analysis of dentin exposure by tooth, standardized to first molar wear, shows not only extensive variation in rates of anterior tooth wear, but also that some early modern and recent human groups exhibit far greater anterior dental wear than Neandertals \[[@pone.0224573.ref093]\]. The former analyses suggest few behavior differences between Neandertals and early modern humans, in that both groups engaged in anterior tooth-use typical of hunter-gatherers, but that tooth size dictates the functional "use-life" of an anterior tooth \[[@pone.0224573.ref069]\]. In contrast, the latter study suggests that there is no support for differences in anterior dental loading between Neandertals, early modern humans, and recent human groups given the overlapping or more extensive wear of anterior relative to first molar wear in the modern human groups \[[@pone.0224573.ref069]\].

Individual wear features, such as labial instrumental striations indicative of stuff-and-cut actions, are rarely examined among early modern humans. A recent study of the dental remains from Dolní Vĕstonice and Pavlov \[[@pone.0224573.ref094]\] showed that instrumental striations were ubiquitous on the well-preserved dentitions of these individuals. However, the striations were most frequently oriented vertically, and probably caused by downward scraping behaviors rather than the oblique cutting motions associated with most Neandertal labial striations \[[@pone.0224573.ref094]\]. Occlusal grooves \[[@pone.0224573.ref097]\] and lingual surface attrition of the maxillary anterior teeth were also found among the Pavlovian dentitions \[[@pone.0224573.ref094]\]. Taken together, the wear patterns exhibited by these early modern humans indicate extensive anterior tooth-use for clamping and grasping behaviors, probably related to hide preparation or similar activities \[[@pone.0224573.ref094], [@pone.0224573.ref099]\].

Although the data on early modern humans are limited, it seems that repetitive, manipulative behaviors associated with particular anterior dental wear patterns were not simply a Neandertal phenomenon \[[@pone.0224573.ref069]\]. Dental microwear texture analysis, with its standardized protocol and high repeatability, on a large sample of early modern humans and Neandertals presented here can further identify upon potential similarities or differences in manipulative behaviors among these Late Pleistocene human groups.

Biomechanical versus comparative approach {#sec003}
-----------------------------------------

Qualitative descriptions of Neandertal cranio-facial morphology and anterior tooth size and wear led researchers to hypothesize that the Neandertal face was adapted to high magnitude and/or repetitive loading of the anterior teeth \[[@pone.0224573.ref057], [@pone.0224573.ref100]--[@pone.0224573.ref102]\]. Referred to as the Anterior Dental Loading Hypothesis (ADLH), this theoretical approach posits that behavioral strategies involving the use of teeth-as-tools provided a selective force in Neandertal cranio-facial and dental evolution \[[@pone.0224573.ref100]--[@pone.0224573.ref107]\]. However, several specific morphological characteristics, including the retromolar space and posterior position of the zygomatic arch relative to the maxillary molars, sparked debate about the biomechanical efficiency and evolutionary significance of non-dietary anterior tooth-use in Neandertals \[[@pone.0224573.ref103], [@pone.0224573.ref104]\]. This led to several biomechanical modeling studies that indicated Neandertals were neither capable of nor efficient at high magnitude loading of the front teeth \[[@pone.0224573.ref093], [@pone.0224573.ref108]--[@pone.0224573.ref111]\], and Neandertal craniofacial evolution was the result of climate-based adaptations and/or neutral evolutionary forces, such as genetic drift \[[@pone.0224573.ref109], [@pone.0224573.ref112]--[@pone.0224573.ref119]\]. The challenge in using a biomechanical approach is it provides the potential for high-magnitude loading, but not direct evidence of it, leaving the question open as to what Neandertals actually did with their anterior teeth.

Direct analysis of anterior dental wear, such as dental microwear, macrowear, and different types of dental wear features (e.g., enamel chipping and instrumental striations), provide one means of directly assessing the behaviors that would (or would not) correspond to differential loading or use of the anterior dentition. These methods employ novel quantitative measurements, such as microscopic enamel textures \[[@pone.0224573.ref037], [@pone.0224573.ref087], [@pone.0224573.ref088]\], instrumental cutmark analyses \[[@pone.0224573.ref060], [@pone.0224573.ref063], [@pone.0224573.ref065]--[@pone.0224573.ref070], [@pone.0224573.ref120]\], and macrowear gradients \[[@pone.0224573.ref058], [@pone.0224573.ref069], [@pone.0224573.ref070], [@pone.0224573.ref092], [@pone.0224573.ref093]\] and Occlusal Fingerprint Analysis \[[@pone.0224573.ref038], [@pone.0224573.ref090], [@pone.0224573.ref121]--[@pone.0224573.ref125]\] to document Neandertal and early modern human behaviors using a comparative approach. These types of analyses often rely on a database of modern human samples with known or inferred dietary and tooth-use behaviors as a comparative benchmark for the fossils analyzed. There are also challenges with direct approaches, including sample size, sample composition, and assuming behavior in the ethnographic present is similar to that found in the Pleistocene \[[@pone.0224573.ref069]\]; however, these types of analyses have offered a fresh perspective on anterior tooth-use behaviors, including differences in Neandertal wear patterns driven largely by habitat \[[@pone.0224573.ref037]\], similar behaviors between Neandertals and Late Pleistocene humans \[[@pone.0224573.ref069], [@pone.0224573.ref070]\], and evidence for mixed-diet and cultural behaviors on posterior teeth \[[@pone.0224573.ref125]\]. As such, this study utilizes a comparative approach, and, in an effort to mitigate the challenges mentioned above, we employ a robust comparative framework with sizable samples and varied dietary and behavioral repertoires, and quantitative data to support our conclusions.

Materials and methods {#sec004}
=====================

Fossil and comparative samples {#sec005}
------------------------------

The fossil sample is comprised of early modern humans (*n* = 30) predominantly from Marine Isotope Stage (MIS) 3--2; however, those from Qafzeh and Skhūl are dated to MIS 5. These individuals are from 13 sites located across Europe and Israel ([Table 1](#pone.0224573.t001){ref-type="table"}). The Neandertal sample (*n* = 45) ranges in date from MIS 7--3 and spans across Western Eurasia ([Table 2](#pone.0224573.t002){ref-type="table"}). The modern human comparative sample (*n* = 156) consists of seven groups that range in time from 5000--100 years BP ([Table 3](#pone.0224573.t003){ref-type="table"}). These individuals lived in a wide variety of environments, exploited various resources, and differed in non-dietary anterior tooth-use behaviors \[[@pone.0224573.ref037], [@pone.0224573.ref086], [@pone.0224573.ref087]\].

10.1371/journal.pone.0224573.t001

###### Summary of the early modern human sample used in this study.

![](pone.0224573.t001){#pone.0224573.t001g}

  Country          Site                       *n*      Habitat   Location         MIS
  ---------------- -------------------------- -------- --------- ---------------- -----
  Czech Republic   Dolní Věstonice            4        Mixed     Central Europe   3
                   Pavlov I                   4        Mixed     Central Europe   3
  France           Brassempouy                2        Open      Western Europe   3
                   Farincourt                 1        Open      Western Europe   2
                   Isturitz                   1        Mixed     Western Europe   2
                   Lachaud                    2        Open      Western Europe   2
                   Les Rois                   5        Open      Western Europe   3
                   Rond-du-Barry              1        Open      Western Europe   2
                   Saint-Germain-la-Rivière   1        Open      Western Europe   2
  Italy            Grotte des Enfants         1        Open      Western Europe   3
  Israel           Ohalo II                   1        Mixed     Southwest Asia   2
                   Qafzeh                     4        Mixed     Southwest Asia   5
                   Skhūl                      3        Mixed     Southwest Asia   5
  **TOTAL**                                   **30**                              

See [S1 File](#pone.0224573.s001){ref-type="supplementary-material"} for more detailed information about each specimen.

10.1371/journal.pone.0224573.t002

###### Summary of the Neandertal sample used in this study.

![](pone.0224573.t002){#pone.0224573.t002g}

  Country          Site                                *n*      Habitat   Location   Chronology
  ---------------- ----------------------------------- -------- --------- ---------- ------------
  Croatia          Krapina                             10       Closed    Central    Early
                   Vindija                             4        Mixed     Central    Late
  Czech Republic   Kůlna                               1        Mixed     Central    Late
                   Ochoz                               1        Mixed     Central    Late
  France           Arcy-sur-Cure, Grotte de l\'Hyène   2        Open      Western    Late
                   Biache-Saint-Vaast                  1        Closed    Western    Early
                   Combe Grenal                        1        Open      Western    Late
                   La Chaise, Abri Suard               1        Open      Western    Early
                   La Chaise, Abri Bougeois-Delaunay   2        Open      Western    Early
                   La Ferrassie                        2        Mixed     Western    Late
                   La Quina                            1        Open      Western    Late
                   Le Moustier                         1        Open      Western    Late
                   Le Petit-Puymoyen                   1        Open      Western    Late
                   Les Pradelles (Marillac)            1        Open      Western    Late
                   Las Pélénos (Monsempron)            1        n/a       Western    Late
                   Moula Guercy                        3        Closed    Western    Early
                   Saint-Césaire                       1        Mixed     Western    Late
  Great Britain    Pontnewydd                          1        Mixed     Western    Early
  Hungary          Subalyuk                            1        Open      Central    Late
  Spain            Zafarraya                           3        Closed    Western    Late
  Iraq             Shanidar                            1        Mixed     SW Asia    Late
  Israel           Amud                                2        Mixed     SW Asia    Late
                   Kebara                              1        Mixed     SW Asia    Late
                   Tabūn                               2        Closed    SW Asia    Early
  **TOTAL**                                            **45**                        

See \[[@pone.0224573.ref037]\] for information on how each site was categorized.

The early modern human sample is evaluated using three factors: habitat, location, and time interval \[[@pone.0224573.ref037]\]. The two habitat categories are based on vegetation cover, and include "open" and "mixed," and are similar to those used in molar microwear texture analyses \[[@pone.0224573.ref011], [@pone.0224573.ref089]\]. "Open" habitats are those that typically have less than 15% arboreal pollen, if palynology is available, and/or show a majority of open habitat-adapted fauna (e.g. *Rangifer*, *Equus*). "Mixed" habitats are those that contain a variety of landscapes, including the forest-steppe environments of Dolní Vĕstonice and Pavlov and the woodland, grassland, marsh, desert, and aquatic habitats of Ohalo II. Palynology, when available, falls between 20--60% and/or includes fauna indicative of a variety of landscapes (e.g. *Rangifer*, *Cervus*, *Equus*, *Sus*, etc.). [Table 2](#pone.0224573.t002){ref-type="table"} includes Neandertals found in "covered" habitats, which indicates over 60% arboreal pollen and forest-dwelling fauna. Temperature is not taken into consideration because while the "open" group is associated with colder temperatures, the "mixed" group encompasses sites that would have differed dramatically in temperature. The goal here is to discern adaptations according to vegetation availability, and not temperature.

Location is divided into three categories, Western Europe, Central Europe, and Southwest Asia. The time interval category is based on MIS intervals, which includes 5, 3, and 2. We recognize the challenges in grouping samples chronologically by broad MIS designations, but these designations correspond to group divisions of biological and archaeological relevance. For instance, the MIS 5 group corresponds to modern humans from Skhūl and Qafzeh with Middle Paleolithic material culture, the MIS 3 group largely corresponds to early Upper Paleolithic modern humans, and the MIS 2 group largely corresponds to the post-Last Glacial Maximum humans with Late Upper Paleolithic/Epipaleolithic material culture.

The Neandertal comparative sample (*n* = 45) consists of individuals that span their geographic and temporal ranges and come from "open," "mixed," and "closed" habitats ([Table 2](#pone.0224573.t002){ref-type="table"}; \[[@pone.0224573.ref037]\]). As stated above, only those Neandertals from the "open" and "mixed" categories (*n* = 25) are used in the habitat comparisons. The location designations are the same as those described for the early modern human sample, with the entire Neandertal sample used in analysis (*n* = 45). The early modern humans and Neandertals are not compared by time, as the Neandertal sample required a broader chronological grouping, "early" (MIS 7--5) and "late" (MIS 4--3), due to limitations in dating techniques and their ranges \[[@pone.0224573.ref037]\].

Grouping fossil material is a challenge, as there are inconsistent data on excavation histories, stratigraphic context, environmental reconstructions, dating techniques. We have attempted to standardize these datasets as much as possible, as shown in the [S1 File](#pone.0224573.s001){ref-type="supplementary-material"} (and SOM in \[[@pone.0224573.ref037]\]); however, these limitations resulted in broad categories. We recognize that other researchers may use different groupings \[[@pone.0224573.ref090], [@pone.0224573.ref126]\]. All data are available for continued analysis, and can be found in the [S1 File](#pone.0224573.s001){ref-type="supplementary-material"} (and SOM in \[[@pone.0224573.ref037]\]).

The modern human comparative sample (*n* = 156) consists of seven groups including the Andaman Islanders (*n* = 15), located in the Bay of Bengal, and Arikara (*n* = 18), Chumash (*n* = 19), Nunavut Territory Sadlermiut (*n* = 27), Point Hope Tigara (*n* = 34), Prince Rupert Harbour Coast Tsimshian (*n* = 25), and Puye Pueblo (*n* = 18) indigenous North American populations. These groups lived in a wide range of geographic locations, inhabited different environmental conditions, and accessed various plant and animal resources ([Table 3](#pone.0224573.t003){ref-type="table"}). They also participated in a variety of non-dietary anterior tooth-use behaviors \[[@pone.0224573.ref037], [@pone.0224573.ref087], [@pone.0224573.ref088]\]. Ethnographic evidence indicated the Andaman Islanders used their anterior teeth for tool retouching and stuff-and-cut actions \[[@pone.0224573.ref078], [@pone.0224573.ref079], [@pone.0224573.ref127]\], whereas the Point Hope Tigara engaged in some clamping and grasping behaviors for hide and sinew production \[[@pone.0224573.ref084], [@pone.0224573.ref128]--[@pone.0224573.ref130]\]. The Nunavut Territory Sadlermiut participated in an intense regimen of clamping and grasping for hide production \[[@pone.0224573.ref131]--[@pone.0224573.ref133]\] and the Prince Rupert Harbour Coast Tsimshian softened plant fibers for weaving tasks \[[@pone.0224573.ref082]\]. These behaviors were inferred from datasets independent of microwear, such as indigenous oral histories, archaeological remains, and other dental analyses, including macrowear and chipping. There is no evidence that the Arikara, Chumash, or Puye Pueblo participated in non-dietary anterior tooth-use behaviors.

10.1371/journal.pone.0224573.t003

###### Summary of the modern human comparative samples used in this study.

![](pone.0224573.t003){#pone.0224573.t003g}

  Group             Location                        *n*       Date (yrs BP)   Environment          Non-dietary tooth use?
  ----------------- ------------------------------- --------- --------------- -------------------- ---------------------------------------------------------------
  Andamanese        Andaman Islands                 15        150             Tropical, monsoon    Yes, tool retouching, production, \"stuff and cut\" practices
  Arikara           Mobridge, South Dakota          18        400--300        Grassland            No
  Chumash           Northern Channel Islands, CA    19        5000--4000      Cool Mediterranean   No
  Sadlermiut        Northwest Hudson Bay, Canada    27        950--100        Polar arctic         Yes, intense clamping and grasping
  Tigara            Point Hope, AK                  34        750--250        Arctic, arid         Yes, some clamping and grasping, sinew thread production
  Coast Tsimshian   Prince Rupert Harbour, Canada   25        4000--700       Oceanic, temperate   Yes, weaving tasks
  Puye Pueblo       Pajarito Plateau, NM            18        1100--330       Desert               No
  **TOTAL**                                         **156**                                        

See \[[@pone.0224573.ref037]\] for more detailed information on each group.

Dental microwear texture analysis {#sec006}
---------------------------------

High-resolution casts of the early modern human, comparative Neandertal, and recent modern human samples were used in this analysis. As statistical analyses indicate that microwear textures do not differ significantly across anterior tooth types \[[@pone.0224573.ref037]\], all anterior tooth types were included for the fossil samples in order to expand the sample size to its greatest capacity. Only maxillary central incisors of the recent modern human samples were used here because of increased preservation and availability.

The labial surface of the analyzed tooth was cleaned gently with acetone and cotton swabs prior to molding. The molding and casting materials used were President Jet regular body (Coltène-Whaledent) and Epotek 301 epoxy (Epoxy Technologies), respectively. Antemortem microwear was scanned on the labial surface, nearest the incisal edge, using a Sensofar Plμ white-light confocal profiler (Solarius Development Inc., Sunnyvale, CA). All specimens were scanned using the same confocal profiler (\"Connie\") at the University of Arkansas to avoid inter-microscope variation \[[@pone.0224573.ref134]\].

Four adjacent scans of the labial surface were taken using a 100x objective lens; this created a total sampling area of 204x276 μm \[[@pone.0224573.ref135]\]. The scans were examined for surface defects, such as taphonomic damage, using Solarmap Universal software (Solarius Development Inc., Sunnyvale, CA). If such defects existed, they were deleted before being characterized using Toothfrax and SFrax scale-sensitive fractal analysis software (Surfact, [www.surfract.com](http://www.surfract.com/)). Anisotropy (*epLsar*) and textural fill volume (*Tfv*) are the two texture variables considered here; their mathematical descriptions are described in Scott et al. \[[@pone.0224573.ref135]\].

These two texture variables in particular have been useful for distinguishing dietary from non-dietary behavioral regimes. Anisotropy (*epLsar*), or texture orientation, is elevated in groups who use their anterior dentition for incising food items only, and lower in those participating in non-dietary behaviors \[[@pone.0224573.ref037], [@pone.0224573.ref087], [@pone.0224573.ref088], [@pone.0224573.ref136]\]. The functional implication is that food (and/or adherent abrasives) are being dragged apically on the labial surface, creating parallel textures, which results in higher anisotropy values. On the other hand, using the anterior teeth in a variety of ways, including non-dietary behaviors, results in a lack of texture orientation on the labial surface \[[@pone.0224573.ref037], [@pone.0224573.ref087], [@pone.0224573.ref088], [@pone.0224573.ref136]\]. Textural fill volume (*Tfv*) is an indicator of bite force, with heavier or lighter bite force resulting in elevated or lowered textural fill volume values, respectively \[[@pone.0224573.ref037], [@pone.0224573.ref087], [@pone.0224573.ref088], [@pone.0224573.ref136]\]. For example, intense clamping and grasping with the anterior dentition would require a heavy bite force to maintain the material between the teeth. This would create large, deep textures, which results in high textural fill volume values \[[@pone.0224573.ref037], [@pone.0224573.ref087], [@pone.0224573.ref088], [@pone.0224573.ref136]\].

Statistical analyses {#sec007}
--------------------

There were two main goals in this study. The first was to examine only the early modern human dataset (*n* = 30) for significant variation in microwear textures (*epLsar* and *Tfv*) by habitat, site location, and time. The second was to compare central tendencies and distributions of *epLsar* and *Tfv* between the early modern human and Neandertal samples. All tests were completed using R statistical software; specific information for each goal can be found below \[[@pone.0224573.ref137]\].

First, the early modern human sample was examined for significant variation in anisotropy (*epLsar*) and textural fill volume (*Tfv*) by habitat, location, and time. For each combination of texture variables (i.e. *epLsar* and *Tfv*) and categorical predictor (i.e. habitat, location, and time),---six combinations in total---a one-way ANOVA was performed to look for significant differences in the means of *epLsar* and *Tfv* between the groups.

Second, the early modern human sample was compared with that of the Neandertals to determine if differences exist between these two hominins. A one-way ANOVA was completed first to compare the mean anisotropy and textural fill volume values between early modern humans (*n* = 30) and Neandertals (*n* = 45) as a whole. Next, a two-way ANOVA was conducted to look for differences between early modern humans (*n* = 30) and Neandertals (*n* = 45 for location, *n* = 25 for habitat) while controlling for location and habitat. As early modern humans in this dataset are not found in closed habitats, the closed-habitat Neandertals were removed from the habitat analysis, resulting in the lower sample size.

It is important to note that there were some data points in the Neandertal sample for both anisotropy and textural fill volume that exhibited high statistical influence. To reduce the impact of these data points on the parameter estimates, a robust regression using iteratively re-weighted least squares (IRLS), was performed; however, results were largely the same when compared to results obtained using traditional ANOVA analysis. In addition to looking for differences in central tendencies, Kolmogorov-Smirnov tests were performed to test for differences in the distributions of *epLsar* and *Tfv* between the two hominin groups. All R code used for statistical analyses can be found in the [S2 File](#pone.0224573.s002){ref-type="supplementary-material"}.

Results {#sec008}
=======

Visual and numerical results are found in Figs [1](#pone.0224573.g001){ref-type="fig"} and [2](#pone.0224573.g002){ref-type="fig"} and Tables [4](#pone.0224573.t004){ref-type="table"}--[12](#pone.0224573.t012){ref-type="table"}, respectively. The stark uniformity of *epLsar* and *Tfv* values within the entire early modern human sample (Tables [4](#pone.0224573.t004){ref-type="table"} and [5](#pone.0224573.t005){ref-type="table"}) is reflected in the lack of significant differences in central tendencies and distribution by habitat, location, or time ([Table 6](#pone.0224573.t006){ref-type="table"}). Simply put, the early modern human sample had very similar anisotropy and textural fill volume values regardless of the factors considered here (see [S1 File](#pone.0224573.s001){ref-type="supplementary-material"}).

![Three-dimensional point clouds of early modern human anterior dental microwear surfaces.\
Each image measures 102x138 μm; total area analyzed was 204x276 μm.](pone.0224573.g001){#pone.0224573.g001}

![Data plots with 95% confidence interval ellipses for Neandertals, early modern humans, and bioarchaeological comparative samples.\
X-axis and Y-axis displays *epLsar* and *Tfv* values, respectively. Upper left: Neandertals (green) and early modern humans (blue) only, other plots show each individual bioarchaeological comparative group in red (labeled at the top), with Neandertals (green) and early modern humans (blue).](pone.0224573.g002){#pone.0224573.g002}

10.1371/journal.pone.0224573.t004

###### Descriptive statistics for fossil and modern samples used in this study.
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  Sample                      *n*   *epLsar*   *Tfv*
  --------------------------- ----- ---------- ----------
  *Early modern humans*       30               
  Mean                              0.0032     9520.10
  Median                            0.0030     11071.43
  Std. Deviation                    0.0013     4620.41
  *Neandertals*               45               
  Mean                              0.0031     10117.77
  Median                            0.0027     11041.15
  Std. Deviation                    0.0014     4346.64
  *Andamanese*                15               
  Mean                              0.0031     1559.29
  Median                            0.0025     1127.43
  SD                                0.0015     1965.24
  *Arikara*                   18               
  Mean                              0.0036     1897.76
  Median                            0.0032     634.31
  SD                                0.0016     2466.36
  *Chumash*                   19               
  Mean                              0.0035     6532.50
  Median                            0.0035     3465.40
  SD                                0.0014     6429.48
  *Nunavut Sadlermiut*        27               
  Mean                              0.0020     12449.27
  Median                            0.0018     12905.65
  SD                                0.0010     3464.04
  *Tigara*                    34               
  Mean                              0.0032     7296.02
  Median                            0.0029     6269.71
  SD                                0.0015     5391.20
  *Prince Rupert Tsimshian*   25               
  Mean                              0.0024     5766.64
  Median                            0.0019     3079.71
  SD                                0.0013     5196.40
  *Puye Pueblo*               18               
  Mean                              0.0040     5093.03
  Median                            0.0039     4284.68
  SD                                0.0012     4183.08

10.1371/journal.pone.0224573.t005

###### Descriptive statistics of the early modern human (*n* = 30) and Neandertal (*n* = 45) comparative samples by habitat, site location, and time interval.

![](pone.0224573.t005){#pone.0224573.t005g}

  ----------------------- ------------------------- -------------------- -------------- -----------
  **A. Habitat:**         **Early modern humans**   **Neandertals**                     
                          ***epLsar***              ***Tfv***            ***epLsar***   ***Tfv***
  **Closed**              ***n/a***                 ***n* = 19**                        
  Mean                    \-                        \-                   0.0036         8380.87
  Median                  \-                        \-                   0.0038         9504.07
  SD                      \-                        \-                   0.0013         4020.37
  **Mixed**               ***n* = 17**              ***n* = 14**                        
  Mean                    0.0031                    9705.57              0.0031         10893.91
  Median                  0.0026                    10602.81             0.0028         12603.01
  SD                      0.0004                    1129.52              0.0015         5180.67
  **Open**                ***n* = 13**              ***n* = 11**                        
  Mean                    0.0035                    9069.41              0.0022         12204.74
  Median                  0.0035                    11514.50             0.0021         12423.39
  SD                      0.0012                    5011.23              0.0009         2776.93
  **B. Site Location:**   **Early modern humans**   **Neandertals**                     
  **Western Europe**      ***n* = 14**              ***n* = 22**                        
  Mean                    0.0034                    9308.15              0.0028         11424.84
  Median                  0.0033                    11572.99             0.0025         11748.97
  SD                      0.0011                    4896.80              0.0014         3027.58
  **Central Europe**      ***n* = 8**               ***n* = 17**                        
  Mean                    0.0032                    9278.37              0.0033         8671.28
  Median                  0.0024                    8738.40              0.0031         9661.46
  SD                      0.0017                    4227.20              0.0014         4435.20
  **Southwest Asia**      ***n* = 8**               ***n* = 6**                         
  Mean                    0.0029                    10132.76             0.0034         9423.57
  Median                  0.0027                    11275.56             0.0035         12660.30
  SD                      0.0011                    5045.39              0.0014         7043.15
  **C. Time Interval:**   **Early modern humans**   **Neandertals**                     
  **MIS 2**               ***n* = 7**               **Early *n* = 20**                  
  Mean                    0.0032                    9026.20              0.0031         9099.21
  Median                  0.0025                    11514.50             0.0027         10234.04
  SD                      0.0015                    4891.06              0.0011         4255.69
  **MIS 3**               ***n* = 16**              **Late *n* = 25**                   
  Mean                    0.0033                    9732.07              0.0030         10932.61
  Median                  0.0033                    11104.38             0.0028         12094.76
  SD                      0.0013                    4584.93              0.0016         4329.39
  **MIS 5**               ***n* = 7**                                                   
  Mean                    0.0030                    9529.51                             
  Median                  0.0029                    10628.36                            
  SD                      0.0012                    5128.55                             
  ----------------------- ------------------------- -------------------- -------------- -----------

The time interval categories are different due to dating constraints within the Neandertal sample.

10.1371/journal.pone.0224573.t006

###### Results of the one-way ANOVAs for *epLsar* (A) and *Tfv* (B) within the early modern human sample only (*n* = 30).
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  ------------------------------- -------------- -------------------- ---------------
  **A. *epLsar***                 **Estimate**   **Standard error**   ***p* value**
  **(Intercept)**                 0.0030682      0.0003160            1.84 e-10
  **Open (habitat)**              0.0003880      0.0004801            0.426
  **(Intercept)**                 0.0031986      0.0004681            2.43 e-07
  **Southwest Asia (location)**   -0.0002711     0.0006619            0.685
  **Western Europe (location)**   0.0002357      0.0005867            0.691
  **(Intercept)**                 3.246 e-03     5.042 e-04           6.74 e-07
  **MIS 3 (time)**                9.491 e-05     6.045e-04            0.876
  **MIS 5 (time)**                -2.562 e-04    7.130e-04            0.722
  **B. *Tfv***                    **Estimate**   **Standard error**   ***p* value**
  **(Intercept)**                 9864.8         1136.1               1.97 e-09
  **Open (habitat)**              -795.3         1725.9               0.648
  **(Intercept)**                 9278.37        1687.37              8 e-06
  **Southwest Asia (location)**   854.39         2386.30              0.723
  **Western Europe (location)**   29.77          2115.23              0.989
  **(Intercept)**                 9026.2         1806.3               3.07 e-05
  **MIS 3 (time)**                705.9          2165.7               0.747
  **MIS 5 (time)**                503.3          2554.5               0.845
  ------------------------------- -------------- -------------------- ---------------

10.1371/journal.pone.0224573.t007

###### Results of the one-way ANOVAs for *epLsar* (top) and *Tfv* (bottom) between Neandertals (*n* = 45) and early modern humans (*n* = 30).
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  *epLsar*                 Estimate     Standard error   *p* value
  ------------------------ ------------ ---------------- -----------
  **(Intercept)**          0.0032363    0.0002448        \<2 e-16
  **Neandertals (type)**   -0.0001830   0.0003161        0.564
  ***Tfv***                                              
  **(Intercept)**          9520.1       813.8            \<2 e-16
  **Neandertals (type)**   597.7        1050.6           0.571

10.1371/journal.pone.0224573.t008

###### Results of the two-way ANOVA (A), robust regression (B), and 95% confidence intervals (C) for mean *epLsar* given habitat (open and mixed) and hominin type (Neandertal and early modern human).
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  ------------------------- -------------------------------------- -------------------- ---------------
  **A.**                    **Estimate**                           **Standard error**   ***p* value**
  **(Intercept)**           3.068 e-03                             3.120 e-04           2.27 e-13
  **Open (habitat)**        3.88 e-04                              4.739 e-04           0.4168
  **Neandertals (type)**    -3.92 e-06                             4.642 e-04           0.9933
  **Open-Neandertals**      -1.26 e-03                             7.023 e-04           0.0784
  **B.**                    **Regression co-efficient estimate**   **Standard error**   ***p* value**
  **(Intercept)**           0.0029                                 0.0003               0.0000
  **Open (habitat)**        0.0005                                 0.0005               0.2857
  **Neandertals (type)**    -0.0001                                0.0004               0.8563
  **Open-Neandertals**      -0.0011                                0.0007               0.0984
  **C.**                    **Fit**                                **Lower**            **Upper**
  **Neandertals (open)**    0.0022                                 0.0014               0.0030
  **Neandertals (mixed)**   0.0031                                 0.0024               0.0038
  **EMH (open)**            0.0035                                 0.0027               0.0042
  **EMH (mixed)**           0.0031                                 0.0024               0.0037
  ------------------------- -------------------------------------- -------------------- ---------------

10.1371/journal.pone.0224573.t009

###### Results of the two-way ANOVA (A), robust regression (B), and 95% confidence intervals (C) for mean *Tfv* given habitat (open and mixed) and hominin type (Neandertal and early modern human).
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  ------------------------- -------------------------------------- -------------------- ---------------
  **A.**                    **Estimate**                           **Standard error**   ***p* value**
  **(Intercept)**           9864.8                                 1095.5               4.05 e-12
  **Open (habitat)**        -795.3                                 1664.2               0.635
  **Neandertals (type)**    1029.2                                 1630.1               0.531
  **Open-Neandertals**      2106.2                                 2466.0               0.397
  **B.**                    **Regression co-efficient estimate**   **Standard error**   ***p* value**
  **(Intercept)**           10117.8652                             1072.2711            0.0000
  **Open (habitat)**        -1005.4248                             1628.8967            0.5371
  **Neandertals (type)**    1557.9881                              1595.5904            0.3288
  **Open-Neandertals**      1534.3107                              2413.7850            0.5250
  **C.**                    **Fit**                                **Lower**            **Upper**
  **Neandertals (open)**    12204.739                              9470.695             14938.784
  **Neandertals (mixed)**   10893.914                              8470.442             13317.385
  **EMH (open)**            9069.408                               6554.452             11584.363
  **EMH (mixed)**           9864.755                               7665.490             12064.019
  ------------------------- -------------------------------------- -------------------- ---------------

10.1371/journal.pone.0224573.t010

###### Results of the two-way ANOVA (A), robust regression (B), and 95% confidence intervals (C) for mean *epLsar* given location (Central Europe, Western Europe, and Southwest Asia) and hominin type (Neandertal and early modern human).
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  ---------------------------------- -------------------------------------- -------------------- ---------------
  **A.**                             **Estimate**                           **Standard error**   ***p* value**
  **(Intercept)**                    3.199 e-03                             4.785 e-04           4.92 e-09
  **Southwest Asia (location)**      -2.711 e-04                            6.766 e-04           0.690
  **Western Europe (location)**      2.357 e-04                             5.998 e-04           0.696
  **Neandertals (type)**             8.961 e-05                             5.802 e-04           0.878
  **Southwest Asia-Neandertals**     4.162 e-04                             9.331 e-04           0.657
  **Western Europe-Neandertals**     -7.558 e-04                            7.421 e-04           0.312
  **B.**                             **Regression co-efficient estimate**   **Standard error**   ***p* value**
  **(Intercept)**                    0.0029                                 0.0005               5.578087 e-09
  **Southwest Asia (location)**      0.0001                                 0.0007               0.928016
  **Western Europe (location)**      0.0005                                 0.0006               0.3946039
  **Neandertals (type)**             0.0003                                 0.0006               0.6029024
  **Southwest Asia-Neandertals**     0.0003                                 0.0010               0.7867205
  **Western Europe-Neandertals**     -0.0011                                0.0008               0.1584323
  **C.**                             **Fit**                                **Lower**            **Upper**
  **Neandertals (Central Europe)**   0.0033                                 0.0026               0.0039
  **Neandertals (Western Europe)**   0.0028                                 0.0022               0.0033
  **Neandertals (Southwest Asia)**   0.0034                                 0.0023               0.0045
  **EMH (Central Europe)**           0.0032                                 0.0022               0.0042
  **EMH (Western Europe)**           0.0034                                 0.0027               0.0042
  **EMH (Southwest Asia)**           0.0029                                 0.0020               0.0039
  ---------------------------------- -------------------------------------- -------------------- ---------------

10.1371/journal.pone.0224573.t011

###### Results of the two-way ANOVA (A), robust regression (B), and 95% confidence intervals (C) for mean *Tfv* given location (Central Europe, Western Europe, and Southwest Asia) and hominin type (Neandertal and early modern human).
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  ---------------------------------- -------------------------------------- -------------------- ---------------
  **A.**                             **Estimate**                           **Standard error**   ***p* value**
  **(Intercept)**                    9278.37                                1575.55              1.28 e-07
  **Southwest Asia (location)**      854.39                                 2228.16              0.703
  **Western Europe (location)**      29.77                                  1975.05              0.988
  **Neandertals (type)**             -607.10                                1910.63              0.752
  **Southwest Asia-Neandertals**     -102.10                                3072.89              0.974
  **Western Europe-Neandertals**     2723.79                                2443.70              0.269
  **B.**                             **Regression co-efficient estimate**   **Standard error**   ***p* value**
  **(Intercept)**                    9278.3732                              1626.9853            1.178545 e-08
  **Southwest Asia (location)**      1372.1555                              2300.9046            0.5509382
  **Western Europe (location)**      71.0118                                2039.5339            0.9722251
  **Neandertals (type)**             -467.0514                              1973.0094            0.8128738
  **Southwest Asia-Neandertals**     404.2428                               3173.2142            0.8986300
  **Western Europe-Neandertals**     2643.8750                              2532.5473            0.2965045
  **C.**                             **Fit**                                **Lower**            **Upper**
  **Neandertals (Central Europe)**   8671.276                               6515.108             10827.445
  **Neandertals (Western Europe)**   11424.836                              9529.458             13320.215
  **Neandertals (Southwest Asia)**   9423.565                               5794.192             13052.938
  **EMH (Central Europe)**           9278.373                               6135.244             12421.503
  **EMH (Western Europe)**           9308.145                               6932.163             11684.127
  **EMH (Southwest Asia)**           10132.765                              6989.635             13275.894
  ---------------------------------- -------------------------------------- -------------------- ---------------

10.1371/journal.pone.0224573.t012

###### Results of the Kolmogorov-Smirnov tests.
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  ------------------------------------------------------- ------------------------------- ---------------
  **A.**                                                  ***D* statistic**               ***P* value**
  **Neandertals vs. EMH for *epLsar***                    0.13333                         0.9062
  **Neandertals vs. EMH for *Tfv***                       0.15556                         0.7764
  **B.**                                                                                  
  **Open Ntl vs. Open EMH for *epLsar***                  0.51049                         0.0896
  **Open Ntl vs. Open EMH for *Tfv***                     0.38462                         0.3414
  **C.**                                                                                  
  **Western Europe Ntl vs. W. Europe EMH for *epLsar***   0.3961                          0.1364
  **Western Europe Ntl vs. W. Europe EMH for *Tfv***              0.29221        0.4582   
  **Central Europe Ntl vs. C. Europe EMH for *epLsar***           0.27206        0.8155   
  **Central Europe Ntl vs. C. Europe EMH for *Tfv***              0.23529        0.924    
  **Southwest Asia Ntl vs. SW Asia EMH for *epLsar***             0.33333        0.8407   
  **Southwest Asia Ntl vs. SW Asia EMH for *Tfv***                0.29167        0.9324   
  ------------------------------------------------------- ------------------------------- ---------------

Neandertals vs. early modern humans (A); for open-habitat Neandertals vs. open-habitat early modern humans (B); for Western Europe, Central Europe, and Southwest Asia Neandertals vs. their EMH counterparts (C).

The second analysis examined *epLsar* and *Tfv* differences between the early modern human and Neandertal samples without considering any other factors. Again, no significant results were found between these two hominins in either central tendencies or distribution (Tables [7](#pone.0224573.t007){ref-type="table"} and [12A](#pone.0224573.t012){ref-type="table"}). When controlling for habitat and location, once again, there were no significant differences found between the early modern humans and Neandertals (Tables [8](#pone.0224573.t008){ref-type="table"}--[11](#pone.0224573.t011){ref-type="table"} and [12B](#pone.0224573.t012){ref-type="table"}). When visualized, the overall overlap in anisotropy and textural fill volume values between both hominin groups is remarkable ([Fig 2](#pone.0224573.g002){ref-type="fig"}). This overlap continues to be prevalent regardless of habitat type and location ([Fig 2](#pone.0224573.g002){ref-type="fig"}). The stark uniformity of dental microwear textures between this sample of Neandertals and early modern humans allows us to make inferences about their similar anterior tooth-use strategies and provides us with informed ideas concerning their overlapping manipulative behaviors.

Lastly, the early modern human sample shares texture values most similar to those of the Point Hope Tigara ([Table 4](#pone.0224573.t004){ref-type="table"}, [Fig 2](#pone.0224573.g002){ref-type="fig"}). The anisotropy mean values are identical, and within the range of non-dietary anterior tooth-use behaviors. The textural fill volume values are similar, with the fossil sample showing an elevated value to that of the Tigara, but a lower mean value than that of the Nunavut Territory Sadlermiut. These comparisons offer the opportunity to possibly distinguish specific behaviors employed by the early modern human sample.

Discussion and conclusion {#sec009}
=========================

Early modern human sample {#sec010}
-------------------------

As a whole, the early modern human sample reflects texture values indicative of non-dietary anterior tooth-use behaviors that required a heavy loading regime ([Table 4](#pone.0224573.t004){ref-type="table"}). Specifically, the anisotropy mean and median values indicate a lack of texture orientation, suggesting non-dietary behaviors. The textural fill volume mean and median values signify large, deep textures created by heavy loading regimes. Both mean texture values of the early modern human sample are nearly identical to those of the Neandertals and closely align to those of the Point Hope Tigara modern human comparative sample ([Table 4](#pone.0224573.t004){ref-type="table"}, [Fig 2](#pone.0224573.g002){ref-type="fig"}). These similarities indicate that overall, the early modern humans in this sample participated in tooth-use behaviors similar to those of the Neandertals, and those specific behaviors may be most akin to those employed by the Point Hope Tigara.

Examining the early modern human sample as a whole tells only part of the story, and it can be analyzed in finer detail by examining it by habitat type, location, and time interval to try to discern possible differences by these factors ([Table 5](#pone.0224573.t005){ref-type="table"}). When this is done, interestingly, the story remains largely the same. The early modern humans show homogenous mean values in both texture variables regardless of habitat type, location, or time interval; this accounts for the lack of significant statistical differences ([Table 6](#pone.0224573.t006){ref-type="table"}). Once again, these mean values are most similar to the Neandertal and Point Hope Tigara samples (Tables [4](#pone.0224573.t004){ref-type="table"} and [5](#pone.0224573.t005){ref-type="table"}).

The Tigara lived at Point Hope, Alaska from 750--250 BP, in an arid, Arctic environment that was coastal and largely without trees \[[@pone.0224573.ref138]\]. They relied on a diet consisting primarily of sea mammals, including whales, but supplemented with caribou, fish, birds, and edible plants \[[@pone.0224573.ref084], [@pone.0224573.ref130]\]. They are recorded ethnographically as using their anterior teeth as a third hand for processing and softening animal hides and making sinew thread \[[@pone.0224573.ref084], [@pone.0224573.ref128]\]. These tooth-use behaviors are reflected in their moderately low anisotropy and moderately high textural fill volume values \[[@pone.0224573.ref088]\].

The habitat conditions between the early modern humans and Point Hope Tigara would not have been tremendously different, as they both inhabited environments that were either treeless or partially forested. Although sea mammal hunting is not well documented for early modern humans, there is evidence that Upper Paleolithic humans exploited aquatic resources, such as fish, mollusks, and birds, as did the Tigara \[[@pone.0224573.ref012], [@pone.0224573.ref139], [@pone.0224573.ref140]\]. The Tigara required clothing for protective purposes, with animal hides and sinew serving as the raw material, and the same need for thermal protection among European Upper Paleolithic humans is probable. Indeed, there is evidence for the use of clothing for protective purposes from parallels between the mammalian taxa found in European Upper Paleolithic archaeological sites and those taxa reported in the ethnographic record as sources of fur, hide, sinew, and other raw materials that are used in the manufacture of clothing \[[@pone.0224573.ref023]\]. Likewise, there is ample archaeological and biomechanical support for the use of protective footwear \[[@pone.0224573.ref141], [@pone.0224573.ref142]\] as well as depictions of clothing and footwear, evidence of textile production, and reflections of clothing in spatial distribution of artifacts in burial contexts \[[@pone.0224573.ref141]--[@pone.0224573.ref144]\].

Taken together, these data suggest the early modern humans sampled here were participating in non-dietary anterior tooth-use behaviors overall and those behaviors did not differ significantly by habitat type, location, or time interval. These texture values are most similar to that of the Point Hope Tigara, a bioarchaeological sample that used their anterior dentition for clamping and grasping hides for clothing and sinew thread production. Thus, it is proposed that the early modern human and Tigara samples were participating in analogous forms of tooth-use behaviors, such as grasping and clamping hides for the production of clothing or other protective coverings.

Early modern humans versus Neandertals {#sec011}
--------------------------------------

While it is possible that differences in anterior tooth-use behaviors existed between Neandertals and early modern humans, the data presented here provide no statistically significant evidence for it (Tables [4](#pone.0224573.t004){ref-type="table"}, [5](#pone.0224573.t005){ref-type="table"} and [7](#pone.0224573.t007){ref-type="table"}--[12](#pone.0224573.t012){ref-type="table"}). Indeed, the mean anisotropy and textural fill volume values of both fossil samples reveal nearly identical results, and indicate that, as a whole, the Neandertals and early modern humans analyzed here were not engaging in vastly different tooth-use behaviors. Their anisotropy mean values are low, and within the range of non-dietary anterior tooth-use behaviors, while the textural fill volume values are fairly high, indicating a heavy bite force was required to complete these tasks. When compared to the modern human groups of known or inferred behaviors, both fossil samples align most closely with that of the Point Hope Tigara and, to a lesser extent, the Nunavut Sadlermiut ([Table 4](#pone.0224573.t004){ref-type="table"}, [Fig 2](#pone.0224573.g002){ref-type="fig"}).

The coastal Tigara, as described above, participated in clamping and grasping tooth-use behaviors associated with hide processing and softening. However, the Nunavut Sadlermiut from northwest Hudson Bay were an interior Arctic group that relied on caribou, seal, birds, and fish \[[@pone.0224573.ref145]--[@pone.0224573.ref149]\]. They were inferred from archaeological remains, antemortem tooth loss, and tooth wear to have participated in extensive dental clamping and grasping behaviors for hide preparation for the production of clothing and other protective coverings \[[@pone.0224573.ref132], [@pone.0224573.ref145], [@pone.0224573.ref146]\]. This inferred non-dietary anterior tooth-use behavior is also supported by the microwear textures, with their extremely low anisotropy values, indicative of extensive tooth-use activities, and their very high textural fill volume values, indicating these activities required a heavy bite force.

The Point Hope Tigara sample provides the most comparable anisotropy and textural fill volume pattern to those of the two fossil samples; however, both fossil samples have higher textural fill volume values than that of the Tigara, but they are lower than that of the Sadlermiut ([Table 4](#pone.0224573.t004){ref-type="table"}). Thus, a parsimonious approach is to use both bioarchaeological samples to better interpret the fossil data presented here.

Overall, the data indicate the early modern humans and Neandertals were participating in similar non-dietary anterior tooth-use activities. Using the comparative bioarchaeological datasets, those activities may be clamping and grasping behaviors for hide preparation and clothing production. These activities would have required a heavy bite force that was more than that used by the Tigara, but less than that of the Sadlermiut. As the Tigara and Sadlermiut differed in the frequency or intensity of clamping and grasping behaviors, perhaps it can be said the fossil groups were intermediate in how regularly or intensely they performed these tasks.

In what seems to be the noticeable theme of these data, there were also no significant differences in anisotropy and textural fill volume between these two hominins by habitat type nor location ([Fig 2](#pone.0224573.g002){ref-type="fig"}; Tables [5](#pone.0224573.t005){ref-type="table"} and [8](#pone.0224573.t008){ref-type="table"}--[12](#pone.0224573.t012){ref-type="table"}). Indeed, there is extensive overlap in values between the hominin subsamples, with variation among some of the mean values largely driven by a few outliers. For example, while the mixed-vegetation groups are nearly identical in their mean anisotropy and textural fill volume values, those for the open-vegetation are more disparate ([Table 5](#pone.0224573.t005){ref-type="table"}). The possibility exists that there were some tooth-use differences between open-vegetation Neandertals and open-vegetation early modern humans (Tables [5](#pone.0224573.t005){ref-type="table"}, [8A](#pone.0224573.t008){ref-type="table"} and [12B](#pone.0224573.t012){ref-type="table"}), with the Neandertals participating in intense clamping and grasping behaviors and the early modern humans only using their anterior teeth for incising food items. However, substantial overlap is seen in their individual values, with the early modern human subsample showing more variation in values, and both subsamples having a few outliers driving the means ([Fig 2](#pone.0224573.g002){ref-type="fig"}).

Behavioral ingenuity between Neandertals and early modern humans can be supported or refuted depending on the dataset at hand; however, the microwear textures provide some important insight into the debate. Generally speaking, early modern humans and Neandertals sampled here participated in similar non-dietary anterior tooth-use behaviors that required a heavy bite force. Using a variety of bioarchaeological comparative samples, both the early modern humans and Neandertals closely align in texture values to those of the Tigara and Sadlermiut, two Arctic samples that participated in clamping and grasping behaviors associated with hide preparation and processing. Continued research into this debate will inevitably lead to more robust sample sizes and strengthened interpretations; however, the datasets here support the notion that regarding non-dietary anterior teeth use Neandertals and early modern humans were not as behaviorally distinct as once considered.

Supporting information {#sec012}
======================

###### Supplementary information for each early modern human fossil used here.

(DOCX)

###### 

Click here for additional data file.

###### R code for all the statistical analyses and [Fig 2](#pone.0224573.g002){ref-type="fig"} plots.

(HTML)

###### 

Click here for additional data file.
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PONE-D-19-17387

Overlapping manipulative behaviors among early modern humans and Neandertals

PLOS ONE

Dear Dr. Krueger,

Thank you for submitting your manuscript to PLOS ONE. We invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Both reviewers found this paper to be interesting and innovative. They also comment on the excellent dataset for AMH and Neanderthals and the comparative modern human samples, and the sound statistical analyses that were used.

The reviewers outline certain major points, including the need to revise some of the graphs and figures, and the way in which the groups are selected.

Reviewer 2 raises specific concerns regarding the theoretical aspects and the interpretation of the results in the discussion section. The reviewer also suggests to cite some key  relevant and up to date quantitative studies.

The reviewer also requires clarification relating the claim of symbolism and the use of the anterior dentition as a tool and the correlation between vegetation and daily task activities.

The reviewer also points out to the need to highlight some of the limitation of the study, given the fact that this is an innovative approach.

We would appreciate receiving your revised manuscript by Sep 06 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Ron Pinhasi

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This is a bold paper that seeks to compare early modern humans, Neandertals and seven bioarchaeology groups using two measures of enamel surface texture rendered from dental microwear texture analysis. The use of the incisors to unlock the behavioral repertoire of fossil hominins is provocative and the authors use an innovative approach---texture analysis coupled with an elegant statistical treatment of this exceptional dataset---to reconstruct paramasticatory actions relating to food and material processing. Although behavioral superiority is not necessarily directly tested by the incisal microwear textures, the results suggest that early modern humans and Neandertals utilized their incisors in a similar manner and the closest bioarchaeological approximation is the Point Hope Tigara and the Nunavut Territory Sadlermiut. The paper is profound in its implications backed up by enviable samples, both fossil and bioarchaeological, and I fully endorse the publication of this submission after minor revisions.

Regarding the results, the data graphs are a bit challenging to decipher---consider, if possible, demoting the bioarchaeology populations to thin dark blue ellipse lines and leave the two fossil samples as they are now, thicker lines of different brighter colors. This might add clarity to the main focus of the paper---the comparison between the two fossil hominins.

Although there are no significant differences between groups, when looking at Table 4, it seems to me that for Tfv, there are three groupings. A heavily incised group includes (1) early modern humans, Neandertals and Nunavut; (2) a medium values group includes Tigara, Puye Pueblo and Prince Rupert Tsimshian; and (3) a low values group comprising Andaman Islanders, Arikara and Island Chumash. What I would say is that recent humans can be divided into three groups but the fossils are exclusively found in the high value group, the only equivalent might be the Nunavut of the Arctic, and possibly the Tigara. For epLsar, there are two groups in my view. One group would include Nunavut and PR Tsimshian with low values and the other group would include everyone else with more elevated values.

The authors might want to consider briefly acknowledging the subjectivity of the groups. For example, Western Europe (mostly France) is quite far from Central Europe but the distance is not nearly as far as it is to SW Asia, so these groups are not necessarily equivalent in terms of location. The ecogeography would also differ between continental Europe and the near East. It might just as easily be possible to combine the Western and Central Europe groupings into one and compare this group to SW Asia. The same holds true for the habitat categories. These are minor points, however, and should be taken as suggestions for improving an already excellent paper.

Specific comments:

Title: change "overlapping" to "comparison of" or remove and shorten title

Line 62: consider citing Power and Williams (2018) at the end of the sentence and introduce food processing into the sentence: "improved food storage and processing capabilities."

70: replace "this hominin" with "Neandertal"

84: change punctuation to "them."

94: remove "bodies---specifically"

95: remove dash

110: replace "variations" with "variation"

116: change "showed" to "show" to agree with the verb tense of the rest of this section

120: consider removing the first sentence containing "from the dialogue" for clarity

121: In the abstract, the authors use EMH, but switch to "early modern humans" for the rest of the paper---I like the latter

much better than the abbreviation---the authors may want to replace "EMH" with "early modern humans" in the abstract and elsewhere

127-8: Many early modern humans from Europe and SW Asia also exhibit shoveling

129: "average early modern human" seems vague---be more specific here

139: don't need to mention the abbreviation "LSAMAT" since you only mention it once

147: replace "expound" with "identify"

151: remove "focal" to avoid confusion with focal animal sampling or ethnographic usages (e.g., Hewlett, 1991, Intimate Fathers)

Table 2: consider replacing "time" with "MIS" as it will increase transparency

166: "own unique" seems redundant

166-172: consider removing this paragraph, except the last half of the last sentence (see below)

172-174: Start next paragraph with "The fossil sample was examined by habitat, location and time interval."---this would be the first sentence

192: change punctuation for "open," "mixed,"

178-190: perhaps provide a stronger justification for the category of "mixed" as a wide range of habitats are considered

203-204: improve justification for the lumping of MIS 7-5 and MIS 4-3 into distinct groups, such as ecology or climate extremes

351: change "possible" to "possibly"

352: remove sentence beginning with "Each analysis will be..."

366: Remove "examining it through the lens of"

416: Change "was" to "were"

417: insert "dental" between "extensive" and "clamping"

426: replace "conservative" with "parsimonious"

428: replace "indicates" with "indicate" because it's modifying "data" (plural)

436: consider removing the paragraph beginning on 436 to avoid redundancy

447: Combine "Discussion and Conclusions" into a single section and remove conclusion paragraph beginning on 447 to

avoid redundancy

Literature

Power RC, Williams FL (2018) The increasing intensity of food processing during the Upper Paleolithic of western Eurasia. Journal of Paleolithic Archaeology 1:281--301. <http://dx.doi.org/10.1007/s41982-018-0014-x>.

Reviewer \#2: The authors analysed the anterior tooth wear in Early Modern Humans (EMH) and Neanderthals using dental microwear texture analysis. They found no statistically significant differences between two hominin groups, suggesting a similar non-dietary use of their anterior teeth. The manuscript is overall well-written, and based on a good sample size including a large comparative modern human group. While the study is certainly interesting, I feel the authors did not fully exploit their results. This study generally lacks a detailed discussion on several important aspects related to anterior tooth wear. For instance, while the study focused on the "anterior dental loading hypothesis" revolving around the Neanderthal dentition, the authors failed to acknowledge this important aspect. They never mentioned this hypothesis throughout the entire manuscript.

Moreover, the problem with this particular study is that it does not present anything original or unexpected. Similar results have been already presented in early works. Therefore, the authors need to highlight more what is new in their study. The authors should probably create another section in the Discussion, where they discuss, biomechanically, what a heavy anterior tooth wear can tell us. For example, the authors acknowledge that textural fill volume values are fairly high, indicating a heavy bite force. However, they never truly discuss this fundamental aspect of their result. This difference could also be related to variation in enamel thickness between the two human species. This aspect should be also considered.

There is also a general lack of key references throughout the manuscript (see a list of importance missing references below). There are many old studies, often in a different language, that are cited throughout the manuscript. These studies probably add very little information on how Neanderthals and AMH were using their anterior teeth. They were mostly qualitative works, and therefore they rarely accurately describe and quantify anterior dental wear in Pleistocene humans. At the same time, many critical (and more relevant to this study) and highly cited studies, were completely ignored.

Neanderthal flexible diet:

Fiorenza, L., Benazzi, S., Tausch, J., Kullmer, O., Bromage, T.G., Schrenk, F., 2011. Molar macrowear reveals Neanderthal eco-geographical dietary variation. PLoS ONE 6, e14769.

Fiorenza, L., Benazzi, S., Henry, A., Salazar-García, D.C., Blasco, R., Picin, A., Wroe, S., Kullmer, O., 2015a. To meat or not to meat? New perspectives on Neanderthal ecology. Yearbook of Physical Anthropology 156, S59, 43-71.

Non-masticatory use of teeth in Neanderthals and EMH

Fiorenza, L., Kullmer, O., 2013. Dental wear and cultural behaviour in Middle Paleolithic humans from the Near East. American Journal of Physical Anthropology 152, 107-117.

Volpato, V., Macchiarelli, R., Guatelli-Steinberg, D., Fiore, I., Bondioli, L., Frayer, D.W., 2012. Hand to mouth in a Neandertal: Right handedness in Regourdou 1. PLoS ONE 7, e43949.

Bruner E., Lozano, M.R., 2014. Extended mind and visuo-spatial integration: three hands for the Neandertal lineage. Journal of Anthropological Sciences 92, 273-280.

Biomechanical interpretation of Neanderthal anterior tooth wear

O'Connor C.F., Franciscus R.G., Holton N.E., 2005. Bite force production capability and efficieny in Neandertals and modern humans. Am. J. Phys. Anthropl. 127, 129-151

Anton S.C., 1990. Neandertals and the anterior dental loading hypothesis: a biomechanical evaluation of bite force production. Kroeber Anthropol Soc Pap 71-72, 67-76.

Anton S.C., 1994. Mechanical and other perspectives on Neanderthal craniofacial morphology. In" Corruccini R.S., Ciochion R.L., editors. Integrative paths to the past. Englewood Cliffs: Prenctice Hall, pp. 677-795.

Wroe S., Parr W.C.H., Ledogar J.A., Bourke J., Evans, S.P., Fiorenza L., Benazzi S., Hublin J-J., Kullmer O. and T. Yokley, 2018. Computational simulations show that Neanderthal facial morphology represents adaptation to cold and high energy demands, but not heavy biting. Proc. R. Soc. Lond. B Biol. Sci., DOI: 10.1098/rspb.2018.0085

I generally do not understand the connection between anterior tooth wear and symbolic behaviour. Is there anything symbolic in using your teeth as tools?

I also do not understand the correlation between vegetation and daily task activities. This should be further expanded and discussed.

The authors never considered in their study the division of labor in daily task activities between males and females. For instance, Estalrrich et al. (2015) found tooth wear differences between males and females in the Neanderthals from three different sites.

Finally, authors should further highlight the limitations of their study, in terms of sample size and methodology. For example, microwear can change very rapidly, within weeks, or even days. Therefore, the interpretation of the microwear signal could be wrongly interpreted.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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20 Aug 2019

Reviewer \#1: This is a bold paper that seeks to compare early modern humans, Neandertals and seven bioarchaeology groups using two measures of enamel surface texture rendered from dental microwear texture analysis. The use of the incisors to unlock the behavioral repertoire of fossil hominins is provocative and the authors use an innovative approach---texture analysis coupled with an elegant statistical treatment of this exceptional dataset---to reconstruct paramasticatory actions relating to food and material processing. Although behavioral superiority is not necessarily directly tested by the incisal microwear textures, the results suggest that early modern humans and Neandertals utilized their incisors in a similar manner and the closest bioarchaeological approximation is the Point Hope Tigara and the Nunavut Territory Sadlermiut.

Note: we changed "behavioral superiority" to "behavioral ingenuity".

The paper is profound in its implications backed up by enviable samples, both fossil and bioarchaeological, and I fully endorse the publication of this submission after minor revisions.

Regarding the results, the data graphs are a bit challenging to decipher---consider, if possible, demoting the bioarchaeology populations to thin dark blue ellipse lines and leave the two fossil samples as they are now, thicker lines of different brighter colors. This might add clarity to the main focus of the paper---the comparison between the two fossil hominins.

We did not use bioarchaeological samples in any of the graphs, but did include break-downs of the fossil samples (e.g. by habitat, location, and time). However, we agree with Reviewer 1 that these breakdown graphs were confusing to read, and have removed them. We kept the one data graph that shows the early modern human and Neandertals samples only, and then added in new data graphs showing each individual bioarchaeological comparative group with the two fossil groups (i.e. Neandertals and early modern humans). We decided to do this after adding in all the comparative groups in one graph, and it suffered from the same problems as the others -- too many groups in one graph -- so we split them up.

Although there are no significant differences between groups, when looking at Table 4, it seems to me that for Tfv, there are three groupings. A heavily incised group includes (1) early modern humans, Neandertals and Nunavut; (2) a medium values group includes Tigara, Puye Pueblo and Prince Rupert Tsimshian; and (3) a low values group comprising Andaman Islanders, Arikara and Island Chumash. What I would say is that recent humans can be divided into three groups but the fossils are exclusively found in the high value group, the only equivalent might be the Nunavut of the Arctic, and possibly the Tigara. For epLsar, there are two groups in my view. One group would include Nunavut and PR Tsimshian with low values and the other group would include everyone else with more elevated values.

We appreciate the reviewer's attention to these data. KLK consulted with the statistician on the paper, (Greg Matthews), and he suggested doing density plots 1. because we are only looking at one variable at a time (Tfv or epLsar) and 2. to see how the data fall. These density plots (see below) use a kernel density estimate to show probability, and are a smoothed histogram. Tfv only shows two groups (high and low), while epLsar peaks and perhaps shows other groupings, but it's not clear or obvious. As a result, we did not continue with further analysis.

The authors might want to consider briefly acknowledging the subjectivity of the groups. For example, Western Europe (mostly France) is quite far from Central Europe but the distance is not nearly as far as it is to SW Asia, so these groups are not necessarily equivalent in terms of location. The ecogeography would also differ between continental Europe and the near East. It might just as easily be possible to combine the Western and Central Europe groupings into one and compare this group to SW Asia. The same holds true for the habitat categories. These are minor points, however, and should be taken as suggestions for improving an already excellent paper.

Our finer breakdown by habitat and chronology in addition to location adds a level of variation that is not addressed simply by looking at Western/Central Europe vs SW Asia. The graphic displays by location are also quite clear, in that, one can look at either Western or Central Europe vs SW Asia without the need for creating the European macrogroup. We appreciate this suggestion but think our choice of subgroups, following our previously published methodology (Krueger et al., 2017), sufficiently covers variation within our sample. That said, we respect the reviewer's concern, and have added in a paragraph in the Materials & Methods section that discusses the broad nature of the groupings, the possible limitations of them, and additional references were added (Fiorenza et al., 2011; Williams et al., 2018) to emphasize that other studies utilize different grouping methods.

Specific comments:

Title: change "overlapping" to "comparison of" or remove and shorten title

We modified the title for clarity.

Line 62: consider citing Power and Williams (2018) at the end of the sentence and introduce food processing into the sentence: "improved food storage and processing capabilities."

Citation added -- thank you for bringing this citation to our attention.

70: replace "this hominin" with "Neandertal" Done.

84: change punctuation to "them." Done

94: remove "bodies---specifically" Done

95: remove dash Done

110: replace "variations" with "variation" Done

116: change "showed" to "show" to agree with the verb tense of the rest of this section Done

120: consider removing the first sentence containing "from the dialogue" for clarity Sentence re-written for clarity.

121: In the abstract, the authors use EMH, but switch to "early modern humans" for the rest of the paper---I like the latter

much better than the abbreviation---the authors may want to replace "EMH" with "early modern humans" in the abstract and elsewhere

While we generally agree with this statement, sometimes using "early modern human" in a sentence gets too cumbersome and wordy. We have left it as EMH, but understand from where the reviewer is coming.

127-8: Many early modern humans from Europe and SW Asia also exhibit shoveling

We agree with this comment. We intentionally used the word "frequently" to indicate that overlap exists with early modern humans. However, the frequency of mass-additive characters is much greater in archaic humans than in Middle Paleolithic modern humans or Upper Paleolithic modern humans. Another citation has been added which includes tables showing these frequency differences using recently tabulated data from the literature and the Sima de las Palomas Neandertals (Zapata et al., 2017). Additional traits have also been listed in the manuscript text. The additional citation should clarify the meaning of frequency differences better than the previous citation alone.

Zapata, J., Bayle, P., Lombardi, A. V., Pérez-Pérez, A., & Trinkaus, E. (2017). The Palomas dental remains: preservation, wear and morphology In E. Trinkaus, & M. J. Walker (Eds.), The People of Palomas: Neandertals from the Sima de las Palomas, Cabezo Gordo, Southeastern Spain (pp. 52-104). College Station: Texas A&M University Press.

129: "average early modern human" seems vague---be more specific here

We have rephrased this in the text and added citations.

139: don't need to mention the abbreviation "LSAMAT" since you only mention it once Abbreviation removed

147: replace "expound" with "identify" Done

151: remove "focal" to avoid confusion with focal animal sampling or ethnographic usages (e.g., Hewlett, 1991, Intimate Fathers) Done

Table 2: consider replacing "time" with "MIS" as it will increase transparency

We worry that changing "time" with "MIS" in this table in particular will be confusing to the reader since our categories are based on MIS designations, but don't use them specifically. We have, instead, changed this column name from "Time" to "Chronology".

166: "own unique" seems redundant Agreed. We removed "unique".

166-172: consider removing this paragraph, except the last half of the last sentence (see below) Done

172-174: Start next paragraph with "The fossil sample was examined by habitat, location and time interval."---this would be the first sentence Done

192: change punctuation for "open," "mixed," Done

178-190: perhaps provide a stronger justification for the category of "mixed" as a wide range of habitats are considered

We understand the reviewer's concerns, and have added in a paragraph that discusses the subjectivity of the groupings. We invite researchers to evaluate these datasets, and have provided the raw data for each fossil in the S1 file and SOM in Krueger et al., 2017.

203-204: improve justification for the lumping of MIS 7-5 and MIS 4-3 into distinct groups, such as ecology or climate extremes The fossil samples were not compared by time since the groupings were different. We have clarified this in the manuscript.

351: change "possible" to "possibly" Done

352: remove sentence beginning with "Each analysis will be..." Done

366: Remove "examining it through the lens of" Done

416: Change "was" to "were" Done

417: insert "dental" between "extensive" and "clamping" Done

426: replace "conservative" with "parsimonious" Done

428: replace "indicates" with "indicate" because it's modifying "data" (plural) Done

436: consider removing the paragraph beginning on 436 to avoid redundancy See next comment

447: Combine "Discussion and Conclusions" into a single section and remove conclusion paragraph beginning on 447 to

avoid redundancy

We changed the heading to "Discussion and Conclusions" and removed the last paragraph of the discussion section to avoid redundancy.

Literature

Power RC, Williams FL (2018) The increasing intensity of food processing during the Upper Paleolithic of western Eurasia. Journal of Paleolithic Archaeology 1:281--301. <http://dx.doi.org/10.1007/s41982-018-0014-x>. Reference added.

Reviewer \#2: The authors analysed the anterior tooth wear in Early Modern Humans (EMH) and Neanderthals using dental microwear texture analysis. They found no statistically significant differences between two hominin groups, suggesting a similar non-dietary use of their anterior teeth. The manuscript is overall well-written, and based on a good sample size including a large comparative modern human group. While the study is certainly interesting, I feel the authors did not fully exploit their results. This study generally lacks a detailed discussion on several important aspects related to anterior tooth wear.

For instance, while the study focused on the "anterior dental loading hypothesis" revolving around the Neanderthal dentition, the authors failed to acknowledge this important aspect. They never mentioned this hypothesis throughout the entire manuscript.

We want to respectfully address the reviewer's concerns about our lack of discussion surrounding biomechanics of Neandertal anterior tooth wear. We acknowledge that there are multiple ways to address anterior tooth-use behaviors in the fossil record, including exploring aspects of functional adaptation and morphological evolution, and bioarchaeological/comparative approaches for behavioral reconstructions. We have taken the latter approach to frame our paper.

This bioarchaeological/comparative approach to anterior tooth-use has been published elsewhere for bioarchaeological groups and Late Pleistocene humans (El Zaatari et al., 2014; Hlusko et al., 2013; Krueger, 2014, 2015, 2016; Krueger and Ungar, 2009, 2012; Krueger et al., 2017) without a need to include discussions surrounding the Anterior Dental Loading Hypothesis (ADLH). The statement that we "failed to acknowledge" infers that we intended to write a paper concerned with biomechanical implications, which we did not.

We agree that there are (potential) biomechanical and/or morphological implications of our behavioral reconstructions, and readers are welcome to use our datasets and analysis for these types of interpretations, if they so choose. However, biomechanical analyses are often at odds with each other, including the literature surrounding Neandertal and early modern human craniodental morphology. Indeed, there is a clear debate in the literature regarding this topic, with some supporting and others refuting the ADLH. This hypothesis is based on an assumption that observations of craniodental morphology and tooth-use (inferred from wear and morphology) are interrelated, asserting that craniodental morphology is functionally adapted to high and/or repetitive anterior dental loading.

Inferences drawn from our results concerning morphological evolution (and biomechanical consequences) are inherently speculative. We seek to avoid such speculation, focus on the dataset at hand, and interpret our results using a strong comparative framework.

Krueger KL, & Ungar PS. (2009). Incisor microwear textures of five bioarcheological groups. International Journal of Osteoarchaeology, 20(5), 549-560.

Krueger KL, & Ungar PS. (2012). Anterior dental microwear texture analysis of the Krapina Neandertals. Central European Journal of Geosciences, 4(4), 651-662.

Hlusko LJ, Carlson JP, Guatelli-Steinberg D, Krueger KL, Mersey B, Ungar PS, et al. (2013). Neanderthal teeth from Moula-Guercy, Ardèche, France. American Journal of Physical Anthropology, 151(3), 477-491, doi:10.1002/ajpa.22291.

El Zaatari S, Krueger KL, & Hublin J-J. (2014). Dental microwear texture analysis and the diet of the Scladina I-4A Neandertal child. In M. Toussaint, & D. Bonjean (Eds.), The Scladina I-4A Juvenile Neandertal (Andenne, Belgium): Palaeoanthropology and Context (pp. 363-378). Liège: Études et Recherches Archéologiques de Université de Liège.

Krueger KL. (2014). Contrasting the Ipiutak and Tigara: Evidence from incisor microwear texture analysis. In C. E. Hilton, B. M. Auerbach, & L. W. Cowgill (Eds.), The Foragers of Point Hope: The Biology and Archaeology of Humans on the Edge of the Alaskan Arctic (pp. 99-119). Cambridge: Cambridge University Press.

Krueger KL. (2015). Reconstructing diet and behavior in bioarchaeological groups using incisor microwear texture analysis. Journal of Archaeological Science: Reports, 1, 29-37.

Krueger KL. (2016). Dentition, behavior, and diet determination. In JD Irish, & GR Scott (Eds.), A Companion to Dental Anthropology (pp. 396-411). Malden: John Wiley & Sons, Inc.

Krueger KL, Ungar PS, Guatelli-Steinberg D, Hublin J-J, Pérez-Pérez A, Trinkaus E, et al. (2017). Anterior dental microwear textures show habitat-driven variability in Neandertal behavior. Journal of Human Evolution, 105, 13-23, doi: <http://dx.doi.org/10.1016/j.jhevol.2017.01.004>.

Moreover, the problem with this particular study is that it does not present anything original or unexpected. Similar results have been already presented in early works.

We disagree with this assessment of our study. There has never been an analysis comparing Neandertal and early modern human anterior tooth-use with dental microwear texture analysis. Dental microwear texture analysis provides the most objective method for characterizing and quantifying dental microwear, allowing for an improved resolution in our analysis of Neandertal and early modern human tooth-use behaviors. Additionally, using comparative biorchaeological samples of known or inferred tooth-use behaviors to estimate the actual behaviors employed by these fossil individuals has not been completed before. Considering the cultural stereotype of Neandertals being a "less than" hominin, this study shows another line of evidence to the contrary.

Therefore, the authors need to highlight more what is new in their study. The authors should probably create another section in the Discussion, where they discuss, biomechanically, what a heavy anterior tooth wear can tell us. For example, the authors acknowledge that textural fill volume values are fairly high, indicating a heavy bite force. However, they never truly discuss this fundamental aspect of their result. This difference could also be related to variation in enamel thickness between the two human species. This aspect should be also considered.

We disagree with the need for a discussion on biomechanics given the reasoning above. While a biomechanical approach is one avenue to take, we chose to take a comparative approach.

Re: heavy bite force -- This idea comes from previous assessments of microwear and cranial biomechanics (e.g., Ungar and Spencer, 1999; Spencer and Ungar 2000). However, this "heavy bite force" is inferred through a comparative framework of bioarchaeological groups in the present study without concomitant analyses of cranial biomechanics in the same groups. Given that multiple groups with highly variable morphologies exhibit "heavy bite force" microwear texture signatures, we can infer that this is a behavioral signature of habitual heavy loading rather than a strict function of how much load could be produced based on the functional morphology of an individual. See examples in Corruccini (1999) for examples of idiosyncratic variation in bite force within a contemporary human population.

Re: enamel thickness - We agree that there are hypotheses concerning the relationship between anterior dental enamel thickness (or tissue proportions) and how they would react to/dissipate biomechanical forces produced. While some researchers choose to create a model for the production/dissipation of bite force relative to enamel thickness (or tissue proportions), others record the actual signatures of loading behavior through dental microwear textures. We have taken the latter approach.

We took this approach for several reasons. There exists no comparative data on dental tissues for our bioarchaeological human groups and limited data for the Pleistocene fossils used here. Additionally, many of the teeth examined here exhibit some degree of occlusal wear. Wear changes the biomechanical properties of a tooth (in terms of bite force dissipation), and influences occlusal relationships throughout the lifespan. As a result, wear and occlusion are confounding factors for biomechanical analyses. For these reasons, we would not be creating a rigorous model of the relationship between enamel/dentin/pulp tissue proportions and bite force production in Late Pleistocene and recent humans from our dental microwear texture data, leaving any inferences as speculative at best.

We hope the behavioral data presented here will provide a springboard for others to study the potential co-variation between these confounding factors; however, this topic is outside the scope of this manuscript.

Corruccini RS. (1999). How anthropology informs the orthodontic diagnosis of malocclusion\'s causes: Edwin Mellen Press.

Ungar PS, & Spencer MA. (1999). Incisor microwear, diet, and tooth use in three Amerindian populations. American Journal of Physical Anthropology, 109(3), 387-396.

Spencer MA, & Ungar PS. (2000). Craniofacial morphology, diet and incisor use in three native American populations. International Journal of Osteoarchaeology, 10(4), 229-241.

There is also a general lack of key references throughout the manuscript (see a list of importance missing references below). There are many old studies, often in a different language, that are cited throughout the manuscript.

We acknowledge that using research published in other languages is important and contributes to our understanding of fossil hominins, especially those from outside English-speaking countries. We find them helpful to our present research to help put the fossils into original context.

These studies probably add very little information on how Neanderthals and AMH were using their anterior teeth. They were mostly qualitative works, and therefore they rarely accurately describe and quantify anterior dental wear in Pleistocene humans.

We agree that some past research is qualitative in nature, which is why we are taking our nuanced, quantitative approach to this phenomenon. However, it is inaccurate to suggest that the non-English, qualitative, or "old studies" are irrelevant to the present paper (or any contemporary research). For example, the anterior dental loading hypothesis (ADLH) was initially proposed, and quantitatively tested, as a result of accumulating evidence from many non-English, "old", and/or qualitative studies. We stand by the use of these sources and feel it is important to look back at the history of our discipline as much as it is to look forward.

At the same time, many critical (and more relevant to this study) and highly cited studies, were completely ignored.

Neanderthal flexible diet:

We agree that these references on Neandertal flexible diet should have been included, and have added them in discussions surrounding Neandertal diet in the "Tooth-use behaviors in the Paleolithic" section.

Fiorenza, L., Benazzi, S., Tausch, J., Kullmer, O., Bromage, T.G., Schrenk, F., 2011. Molar macrowear reveals Neanderthal eco-geographical dietary variation. PLoS ONE 6, e14769.

Fiorenza, L., Benazzi, S., Henry, A., Salazar-García, D.C., Blasco, R., Picin, A., Wroe, S., Kullmer, O., 2015a. To meat or not to meat? New perspectives on Neanderthal ecology. Yearbook of Physical Anthropology 156, S59, 43-71.

We thank the reviewer for their suggested references to include in our paper, and appreciate the time it took to provide that information. That said, we want to address the reviewer's comment that these studies "were completely ignored." We want to assure the reviewer that any missed references were not done intentionally. Sometimes citations are missed, and we are grateful that the reviewer brought these missed citations to our attention.

Non-masticatory use of teeth in Neanderthals and EMH

Fiorenza, L., Kullmer, O., 2013. Dental wear and cultural behaviour in Middle Paleolithic humans from the Near East. American Journal of Physical Anthropology 152, 107-117.

We have included this reference in our Introduction section.

Volpato, V., Macchiarelli, R., Guatelli-Steinberg, D., Fiore, I., Bondioli, L., Frayer, D.W., 2012. Hand to mouth in a Neandertal: Right handedness in Regourdou 1. PLoS ONE 7, e43949.

We have included this reference in our "Tooth use behaviors in the Paleolithic" section.

Bruner, E., & Lozano, M. (2014). Extended mind and visuo-spatial integration: three hands for the Neandertal lineage. Journal of Anthropological Sciences, 92, 273-280.

As this is tangentially related to our topic, and does not discuss specific details of anterior tooth-use behaviors (or specific examples, only provides references to specific examples), we decided not to include this reference. However, it should be noted that we do include Lozano et al., 2017, which includes the "extended mind and visuo-spatial integration hypothesis" and handedness, making the inclusion of this citation unnecessary.

Biomechanical interpretation of Neanderthal anterior tooth wear

O'Connor C.F., Franciscus R.G., Holton N.E., 2005. Bite force production capability and efficieny in Neandertals and modern humans. Am. J. Phys. Anthropl. 127, 129-151

Anton S.C., 1990. Neandertals and the anterior dental loading hypothesis: a biomechanical evaluation of bite force production. Kroeber Anthropol Soc Pap 71-72, 67-76.

Anton S.C., 1994. Mechanical and other perspectives on Neanderthal craniofacial morphology. In" Corruccini R.S., Ciochion R.L., editors. Integrative paths to the past. Englewood Cliffs: Prenctice Hall, pp. 677-795.

Wroe S., Parr W.C.H., Ledogar J.A., Bourke J., Evans, S.P., Fiorenza L., Benazzi S., Hublin J-J., Kullmer O. and T. Yokley, 2018. Computational simulations show that Neanderthal facial morphology represents adaptation to cold and high energy demands, but not heavy biting. Proc. R. Soc. Lond. B Biol. Sci., DOI: 10.1098/rspb.2018.0085

The selected papers proposed for inclusion promote only one side of the debate, and fail to adequately acknowledge the back-and-forth arguments on and limitations of the issue. For this reason, we will maintain neutrality on the subject, and allow this paper to be cited as others see fit. Instead, we present our direct observations of dental microwear using an analogical framework built of robust samples to allow the data to speak for themselves instead of incorporating them into existing theoretical frameworks (see also Daegling et al., 2013).

Daegling DJ, Judex S, Ozcivici E, Ravosa MJ, Taylor AB, & Grine FE, et al. (2013). Viewpoints: Feeding mechanics, diet, and dietary adaptations in early hominins. Am J Phys Anthropol. 151(3): 356-371.

I generally do not understand the connection between anterior tooth wear and symbolic behaviour. Is there anything symbolic in using your teeth as tools?

We agree there is no connection between anterior tooth wear and symbolic behavior. The only place where symbolic behavior is mentioned is in the introduction when we discuss that Neandertals were capable of such behaviors, making them similar to early modern humans in this regard (or, not as different from early modern humans). This is making a case for Neandertal behavior being more sophisticated than originally surmised. We apologize for any confusion here.

I also do not understand the correlation between vegetation and daily task activities. This should be further expanded and discussed.

Vegetation coverage provides an ecological proxy. The assumption is that patterns of daily task activities vary by local needs, and local needs are a reflection the ecological setting in which an individual lives. This argument is similar to that made by Ofer Bar-Yosef (2004) in which an individual will "eat what is there." This concept also forms the basis of most of the dietary papers that the reviewer is suggesting we add to the manuscript. In sum, behavior (dietary, manipulative, or otherwise) is likely to vary by local ecology. We recommend Binford (2001) for more information on the topic.

Bar-Yosef O. (2004). Eat what is there: hunting and gathering in the world of Neanderthals and their neighbours. Int J Osteoarchaeol. 14(3-4), 333-342.

Binford LR. (2001). Constructing Frames of Reference: An Analytical Method for Archaeological Theory. Berkeley: University of California Press.

The authors never considered in their study the division of labor in daily task activities between males and females. For instance, Estalrrich et al. (2015) found tooth wear differences between males and females in the Neanderthals from three different sites.

We agree that this would be an important analysis, and we did consider it. While some individuals are of known sex, most are not due to the many isolated dental remains in the sample. We could not accumulate a sample size with known-sex individuals that would provide a robust statistical analysis. All stratigraphic and excavation information about each fossil used here can be found in the S1 file. Anyone that would like to pursue this topic further has access to our dataset.

Finally, authors should further highlight the limitations of their study, in terms of sample size and methodology. For example, microwear can change very rapidly, within weeks, or even days. Therefore, the interpretation of the microwear signal could be wrongly interpreted.

We acknowledge that there are always limitations in any study, and we have provided key information about the subjectivity of our fossil groupings, as other studies have grouped their fossils differently. However, we have two concerns about Reviewer 2's comment. The first is that the limitations of our methodology, dental microwear, have been addressed at length in several important review papers (see Ungar et al., 2008 and Krueger, 2016). Discussing the limitations of dental microwear is most appropriate for a review paper, and outside the scope of our research paper. Specifically, the reviewer raised concerns about microwear turnover, which we assume is the "Last Supper Effect" - often discussed as a limitation of occlusal molar microwear (but see Walker and Teaford, 1989). We agree that there surely is some degree of the "Last Supper Effect" on the labial surfaces of anterior teeth; however, this effect has not been tested on these tooth types. Some evidence from in vitro buccal microwear on postcanine teeth suggests that the turnover rate is slower than on the occlusal surface (e.g. Romero et al., 2012), but this is all that exists on the subject to date.

The second concern we have is the reviewer's comment about sample size. This is an inherent limitation for any paleoanthropological analysis. It is puzzling that Reviewer 2 referred to our fossil and comparative samples as "a good sample size," but then considered it a limitation later on in their review. Moreover, if it is a limitation, then we are introduced with the following paradox: how can the studies noted by Reviewer 2 (e.g. Fiorenza et al., 2011; Fiorenza & Kuller, 2013) use far fewer fossil individuals in their analyses, multiple teeth from the same individuals, and fewer and smaller bioarchaeological comparative groups than our study without a similar reflection on sample size? Likewise, other papers that were suggested for citation are analyses of single individuals (Volpato et al., 2012) or use only one ethnographic outgroup (e.g., Bruner and Lozano, 2014). Thus, we do not view sample size as an oversight, but an issue that is widely understood by the readership of paleoanthropological research. We respectfully disagree that an in-depth scrutiny of our fossil and comparative sample sizes is necessary.

This is a succinct and transparent study. It is made all the more transparent by the inclusion of raw data and R code. Any researcher is welcome to reanalyze our data and add their nuanced ideas and approaches. We welcome such analyses as they help drive the discipline forward.

Walker A & Teaford MF. (1989). Inferences from quantitative analysis of dental microwear. Folia Primatol (Basal). 53(1-4): 177-189.

Ungar PS, Scott RS, Scott JR & Teaford MF. (2008). Dental microwear analysis: historical perspectives and new approaches. In: Irish JD & Nelson GC, eds. Technique and Application in Dental Anthropology, Cambridge University Press, New York, pp. 389-425.

Krueger KL. (2016). Dentition, behavior, and diet determination. In: Irish, JD & Scott GR, eds. A Companion to Dental Anthropology, Wiley Blackwell, Malden, pp. 396-411.

Romero A, Galbany J, De Juan J, & Pérez‐Pérez A. (2012). Short-and long-term in vivo human buccal--dental microwear turnover. Am J Phys Anthropol. 148(3), 467-472.
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Thank you for submitting your manuscript to PLOS ONE. As you can see from the included comments by the reviewers, both of them feel that the revised version did not address all the aspects raised and in addition reviewer 1 raises some additional minor points that should  be revised. . Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.
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We would appreciate receiving your revised manuscript by  October 18.
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Ron Pinhasi
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1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Review of Krueger et al. for PONE:

The authors have successfully responded to the critiques and suggestions of the reviewers. The result is an improved manuscript that is nearly ready for publication. The comments below are meant to further improve this excellent analysis and comparison of Middle and Upper Paleolithic anterior tooth texture. Although the relationship between anterior tooth use and cultural inferiority / superiority is not immediately obvious, in the Discussion the authors explain better how perceptions of Neandertals can influence the explanation of the variation in tooth wear and other studies. The lack of differences imply that similar behaviors were performed by Middle and Upper Paleolithic peoples and some of these were mimicked by their Holocene counterparts. The paper will have a high impact on the field and I encourage the rapid publication of the manuscript.

Specific comments:

Introduction

• "had a more complex division of labor for resource acquisition" doesn't quite make sense. More complex than whom? Maybe omit "more"

• "show distinctions between Neandertals and early modern humans -- albeit, with some overlap" ---consider revising, or perhaps replace with statistically meaningful terms such as "show a pattern in the distinctions in the mean values for Neandertal and early modern humans, but with large standard deviations resulting in nonsignificant differences..."

M&M

• Table 2: Just double checking: you investigated La Quina 1, not La Quina 5, correct? In any event, it might be interesting to eventually examine the incisal microtexture of La Quina 5.

• "under the auspices of three attainable factors:" is unclear---consider changing to "using three factors"

• Change "environmental reconstructions, dating techniques, etc" to "environmental reconstructions and dating techniques"

• "\[S1 file and SOM in 37; however, these limitations resulted in broad categories. We recognize that other researchers may use different groupings \[101, 102\]." Is problematic. The first clause is not a complete sentence yet includes a period and the end misses a double bracket. I recommend changing it to "as shown in the S1 file \[and SOM in 37\]; however, these limitations resulted in broad categories \[cf. 101, 102\]."

• "Underpinnings" is unclear: Change "their mathematical underpinnings are described in Scott et al." to "their mathematical descriptions are detailed in Scott et al."

• To increase clarity, maybe replace "time), six combinations in total, a" with "time)\--six combinations in total---a"

Results

• Just a recommendation---the authors might want to comb through the paper carefully and omit redundancy. For example, in the Results, I felt like l read that "Closed" habitat is removed in this analysis as no early modern humans analyzed here lived in "closed" environments." or something like it multiple times in the text and captions---maybe remove one of them? There are a few others that are repeated once too often --maybe remove from table and figure captions?

Discussion and conclusion

• I'd recommend removing entirely "While comparisons with the Neandertal sample will be addressed in more detail below, the similarity with the Point Hope Tigara commands consideration."

• Consider changing "in European Upper Paleolithic archaeological sites and those taxa used ethnographically for the fur, hide, sinew, and other raw materials" to "in European Upper Paleolithic archaeological sites and those taxa reported in the ethnographic record as sources of the fur, hide, sinew and other raw materials"

• "Sadlermiuuit (Table 4).: still retains track-changes and later on lines 429, 430

• Lines 439-444\--I think what we are seeing here in terms of the similarity of textures is the eat what you can find phenomenon of Ofar Bar-Yosef and others.

• Perhaps change "not as behaviorally distinct as once thought." To "not as behaviorally distinct as previously considered." Or something else---"once thought." Is unclear.

This reviewer would like to thank the first author and Greg Mathews for assuaging my previous concerns about multiple groups in the values for Tfv and epLsar by doing the density plots with kernel density estimates to estimate probability and with histograms to clarify the results. The experiment demonstrates the excellent sample sizes allowing for a statistical treatment of data that showed patterns based on individual values as nonsigificant. The additional analysis improves my confidence in the validity of the results.

Reviewer \#2: The authors have resubmitted a revised version of their manuscript, titled "Anterior tooth-use behaviors among early modern humans and Neandertals", but unfortunately most of the reviewers' comments were not taken into account.

In my opinion the response to reviewers included in the rebuttal letter is not really sufficient to address major criticisms of their work. Specifically, I find very odd to discuss about Neanderthal anterior tooth wear, culture and bite force without even mentioning the anterior dental loading hypothesis. The fact that in other Neanderthal anterior tooth-use studies there was no mention the biomechanics of Neanderthal anterior tooth wear, it is not a valid excuse to ignore this important aspect, which indirectly it is strictly associated with cultural habits in this human species.

Overall, I still feel that the manuscript is largely incomplete, in terms of background information, interpretation, discussion of the results and literature review. The authors also did not acknowledge any of the limitations of their study. While I agree with the authors that the sample size is good for a paleoanthropological study, it is never ideal from a statistical point of view. I think it is always worth being cautions when interpreting the results from the analysis of relatively small fossil samples. Generally, a sentence about the limitation of the study at the end of the discussion is sufficient.

Finally, as I have mentioned in my previous review, the authors did not highlight enough what is new and what is not new in their study.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

14 Oct 2019

Review of Krueger et al. for PONE:

The authors have successfully responded to the critiques and suggestions of the reviewers. The result is an improved manuscript that is nearly ready for publication. The comments below are meant to further improve this excellent analysis and comparison of Middle and Upper Paleolithic anterior tooth texture. Although the relationship between anterior tooth use and cultural inferiority / superiority is not immediately obvious, in the Discussion the authors explain better how perceptions of Neandertals can influence the explanation of the variation in tooth wear and other studies. The lack of differences imply that similar behaviors were performed by Middle and Upper Paleolithic peoples and some of these were mimicked by their Holocene counterparts. The paper will have a high impact on the field and I encourage the rapid publication of the manuscript.

Specific comments:

Introduction

• "had a more complex division of labor for resource acquisition" doesn't quite make sense. More complex than whom? Maybe omit "more" "more" removed.

• "show distinctions between Neandertals and early modern humans -- albeit, with some overlap" ---consider revising, or perhaps replace with statistically meaningful terms such as "show a pattern in the distinctions in the mean values for Neandertal and early modern humans, but with large standard deviations resulting in nonsignificant differences..." We have revised this section to be more statistically meaningful. Please see lines 133-137. We also added in lines 137-145 about dentin exposure to help buttress the data about enamel wear.

M&M

• Table 2: Just double checking: you investigated La Quina 1, not La Quina 5, correct? In any event, it might be interesting to eventually examine the incisal microtexture of La Quina 5.

We investigated La Quina 5; we apologize for any confusion here. Please see the S1 supplementary data file for more information.

• "under the auspices of three attainable factors:" is unclear---consider changing to "using three factors" We changed this per the reviewer's suggestion.

• Change "environmental reconstructions, dating techniques, etc" to "environmental reconstructions and dating techniques" We changed this per the reviewer's suggestion.

• "\[S1 file and SOM in 37; however, these limitations resulted in broad categories. We recognize that other researchers may use different groupings \[101, 102\]." Is problematic. The first clause is not a complete sentence yet includes a period and the end misses a double bracket. I recommend changing it to "as shown in the S1 file \[and SOM in 37\]; however, these limitations resulted in broad categories \[cf. 101, 102\]." We changed this per the reviewer's suggestion.

• "Underpinnings" is unclear: Change "their mathematical underpinnings are described in Scott et al." to "their mathematical descriptions are detailed in Scott et al." We changed this per the reviewer's suggestion.

• To increase clarity, maybe replace "time), six combinations in total, a" with "time)\--six combinations in total---a" We changed this per the reviewer's suggestion.

Results

• Just a recommendation---the authors might want to comb through the paper carefully and omit redundancy. For example, in the Results, I felt like l read that "Closed" habitat is removed in this analysis as no early modern humans analyzed here lived in "closed" environments." or something like it multiple times in the text and captions---maybe remove one of them? There are a few others that are repeated once too often --maybe remove from table and figure captions? We changed this per the reviewer's suggestion. Thank you for noticing the redundancy!

Discussion and conclusion

• I'd recommend removing entirely "While comparisons with the Neandertal sample will be addressed in more detail below, the similarity with the Point Hope Tigara commands consideration." We removed this per the reviewer's suggestion.

• Consider changing "in European Upper Paleolithic archaeological sites and those taxa used ethnographically for the fur, hide, sinew, and other raw materials" to "in European Upper Paleolithic archaeological sites and those taxa reported in the ethnographic record as sources of the fur, hide, sinew and other raw materials" We changed this per the reviewer's suggestion.

• "Sadlermiuuit (Table 4).: still retains track-changes and later on lines 429, 430 We corrected these errors.

• Lines 439-444\--I think what we are seeing here in terms of the similarity of textures is the eat what you can find phenomenon of Ofar Bar-Yosef and others. Agreed!

• Perhaps change "not as behaviorally distinct as once thought." To "not as behaviorally distinct as previously considered." Or something else---"once thought." Is unclear. We changed this per the reviewer's suggestion.

This reviewer would like to thank the first author and Greg Mathews for assuaging my previous concerns about multiple groups in the values for Tfv and epLsar by doing the density plots with kernel density estimates to estimate probability and with histograms to clarify the results. The experiment demonstrates the excellent sample sizes allowing for a statistical treatment of data that showed patterns based on individual values as nonsigificant. The additional analysis improves my confidence in the validity of the results.

We thank the reviewer for providing the idea in the first place. We were happy to examine the data further to see if anything significant was missed.

Reviewer \#2: The authors have resubmitted a revised version of their manuscript, titled "Anterior tooth-use behaviors among early modern humans and Neandertals", but unfortunately most of the reviewers' comments were not taken into account.

We did not add much of this reviewer's comments in the manuscript; however, that does not mean the comments were neither meaningful nor impactful. Indeed, these comments forced us to think about our data using a biomechanical perspective, and if that framework should be added to the discussion at hand. We ultimately decided that adding in a review section outlining both biomechanical and comparative approaches was a better fit for the direction of this paper.

In my opinion the response to reviewers included in the rebuttal letter is not really sufficient to address major criticisms of their work. Specifically, I find very odd to discuss about Neanderthal anterior tooth wear, culture and bite force without even mentioning the anterior dental loading hypothesis. The fact that in other Neanderthal anterior tooth-use studies there was no mention the biomechanics of Neanderthal anterior tooth wear, it is not a valid excuse to ignore this important aspect, which indirectly it is strictly associated with cultural habits in this human species.

We thoroughly addressed this reviewer's concerns in the "response to reviewers" letter; however, we appreciate the time and effort this reviewer spent with this manuscript again. As such, we have included a new section in the Introduction titled "Biomechanical versus Comparative Approach," which details the Anterior Dental Loading Hypothesis, challenges of such work, comparative approaches, and limitations of our work. We hope that this will reflect a good faith effort in showing Reviewer 2 that we have, indeed, chosen the best framework for our data.

Moreover, a biomechanical approach focuses on the potential for Neandertals to produce (or modern humans to not produce) a high or heavy anterior bite force. Our data show that regardless of the potential for such behaviors, both hominins were actually performing these behaviors. These data do not provide any indication of whether the unique craniofacial traits found on Neandertals reflect an adaptation or a neutral evolutionary force, such as genetic drift, so to couch our discussion in such a framework is inappropriate. We understand the reviewer may not agree, but we are confident in this assessment of our data.

Overall, I still feel that the manuscript is largely incomplete, in terms of background information, interpretation, discussion of the results and literature review. The authors also did not acknowledge any of the limitations of their study. While I agree with the authors that the sample size is good for a paleoanthropological study, it is never ideal from a statistical point of view. I think it is always worth being cautions when interpreting the results from the analysis of relatively small fossil samples. Generally, a sentence about the limitation of the study at the end of the discussion is sufficient.

We added in limitations of direct, comparative approaches, including our study, in lines 187-189.

Finally, as I have mentioned in my previous review, the authors did not highlight enough what is new and what is not new in their study.

We respectively disagree with this assessment once again. There has never been a study that analyzes dental microwear as objectively as the method used here. Moreover, the bioarchaeological baseline used here provides a comprehensive framework for interpreting the actual behaviors of early modern humans versus those of their Neandertal counterparts. This study offers an innovative and unique lens into the lives of these hominins.
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Dear Dr Krueger,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Ron Pinhasi

Academic Editor

PLOS ONE
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Dear Dr. Krueger:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Ron Pinhasi

Academic Editor

PLOS ONE
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